CAMBRIAN FAUNAS OF CHINA.

By Cuarnes D. Wavcorr,

- Curator, Dicision of NStratigraphic Paleontology.

INTRODUCTION.

The presence of Cambrian fossils in China was first announced hy
Baron Richthofen in [883.¢

The material gathered by him was studied by Dr. . Kayvser, to
whom the brachiopods were intrusted. and by Doctor Dames, who
described the trilobites.

Doctor Kayser? described and named the following brachiopods:

Orthis linnarssont
Lingudelle sp.
L. S

1

Of the above we have identitied from the collections of the Carnegie
Institution of Washington Expedition to China Orthis [ Plectort /i)
{innarssond.

Doctor Dames¢ deseribed and named the following trilobites:

Agnostus chinensis. Conocephalites queadriceps.

Dovypyge richthofen:. Conocephalites subquelratus.,

Anomocare latilimbatune. Conocephalites typus.

Anonocare majus. Liostracus megalurus.

Lnomocare minus. Liostraews talingensis.

Anomocare nanun. ? Liostracus.

tnomoecare plaiin. ? Liostracus.

Anowmocare subcostatim. 2 Pygidia, genus and species nndeter-
Conocephalites frequens. mined.

Of the above we have identified from the collections of the Carnegie
Institution of Washington Expedition to China:

gnostus chinensis. Anowmocare latilimbatin.

Dorypyge richthofeni. Anomocare minus.

Conocephalites [ Ptychoparia] frequens. Ptychoparia ( Liostracis) megalvris.
a China, Richthofen, I'V. b Idem, pp. 34-36. cldem, pp. 5-33.
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Doctor Damnes compared the Cambrian trilobites with those of
Enrope. America, and India, and concluded that the trilobitic fauna
of Sai-ma-ki and Taling were about the age of the Scandinavian
Andrarum limestone and the Potsdam group of North America. He
did not find any Chinese species that could be identified with those of
Scandinavia and America: bnt the general appearance of the tauna
as i whole was so similar that he said that their equal age may he
considered proven.

Ile further states that the age of the rocks containing Dorypyge
richthofens from Wulo-pu is probably the same as that of the
Quebee group, basing this upon comparisons with species from Utah,
which he referred to the genus Dorypyge.”

The collections made by the Carnegie Institution of Washington
Expedition prove that Dorypyge richthofens oceurs in the central
portion of the Chang IHsia formation and is of Middle Cambrian
age.  Baron Richthofen’s means of comparison were with the fauna
referred to the Quebec group, which was at that time supposed to be
of Lower Silurian (Ordovician) age.

In 1899 M. Bergeron” described the follo'ving Cambrian fossils from
some shaly limestones collected in the provinee of Shangtung, China:

Aguostus doweillei. srthricocephalus chauveauni,
(Henvides leblanct. Dicellocephalns ? sinensis.
Drepanura premesnili. Calymuaene ? sinensis.

Of the above we have identitied the following from the Ku San shale
of the section made by Mr. Blackwelder:
Olenoides liblanei.

Deepanura premesnili.
Calymuene ? [ Damesella] sivensis.

From the Cambrian formations of Siberia, Dr. F. Schmidt© desceribed
the following tossils:
Agnostus ezekanonwskii.
Anomocarve pawlowskii;
Liostracus maydeli.

This fauna was subsequently reviewed by Edward von Toll.? who
added the following:

Conferrvites primorvdialis Born. Coscinoeyathus corbicula Born.
Arehwoeyathus acutus Born. Coseiocyathus diauthns Born.
Arebizocyathus aduncus Born. Cosctnocyathns ealathus Born.
Avehiwocyathus patulus Born. Coscinocyathus campanula Born.
_Lechavocyathns proskurjakowi von Toll. Coscinocyathuos vesica Born.
rehewocyathus sibivieus von Toll. Coscinocyathus elongatus Born.
Arehiwocyathus ijizkii von Toll. Coscinocyathus ireegnlaris von Toll.

«China, Richthofen, IV, pp. 31-33.

b Bull. de la Société Géol. de France, 3 ser., XX VII, p. 499.

¢ Bull. de PAcad. Imp. des Sciences de St.-Pétersh., 1886, X11, p. 407.

@ NMEm. de P Acad. Tmp. des Seiences de St.-Pétersh., Sth ser., VIII, No. 10.
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Coscinoeyathus of. cancellatus Born.
Spirocyathus, species undetermined.
Rhabdoeyathus sibivieus von Toll.

Protopharetra, species undetermined.

el inthoidichuites sp.
Kutorgina cingulata Bill.

2 Obolellu chromatica Bill.
Hyolithes, species undetermined.
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Microdiscus koeld von Toll.

Microdiscus, species undetermined,

Agnostus schoidti von Toll.

2 Olenellus, species undetermined.,
Dorypyge slatskowsl:ii Schinidt.
Dtychoparia czekanowski von Toll.
Ptychoparia meglitzkyi von Toll.

2 Nolenoplewra sihiyica Sehidt.

Microdiscus lenaicus von Toll. Bathyiriscus howelli Waleott.

In the antumn of 1903 the Carnegie Institution of Washington sent
an expedition to China under the direction of Mr. Bailey Willis. with
Mr. Eliot Blackwelder as assistant in stratigraphie geology.  One of
the objects of the expedition was to obtain data of the Cambrian forma-
tions and contained faunax for the purpose of comparison. and cor-
relation, it practicable. with the North .\merican seetions and faunas.
Mr. Willis delegated to Mr. Blackwelder the study of the sections and
very largely the colleeting of the fossils. Tt was understood that the
collections of Cambrian fossils should he studied by Mr. Walcott and
the stratigraphic seetions elaborated by Mr. Blackwelder.

A considerable quantity of material was collected and received in
Washington in the fall of 1904, The preparation of the speeimens
for labeling was eiven to Mr. Henry Dickhaut. with instructions to
work them up carefnlly and =ecure every species possible from the
mass of fragments of trilobites, brachiopods, ete., of which nearly
all the specimens of rock are composed. The material when thuos
prepared was labeled with locality and formation numbers and taken
in Lhand hy Miss Elvira Wood, who separated the species and sclected
and indicated specimens for illustration. [ first studied the hrachiopods
in connection with my systematic study of the Cambrian brachiopoda.
and published deseriptions of 23 species in 1905.¢  Mr. Willis and M.
Blackwelder informed me that they would like, in July. 1905, a list of
all the species in the cotlections in order to use them in the correlation
of the various sections and the dizcussion of the stratigraphic geology.
To meet this request, I made a preliminary study of the tauna, and
now publish it in advance of the illustrated report, which will not he
ready to go to the printer before the spring of 1906.  Muny drawings
have been preparved. but it will require several months to complete
theni.

In this preliminary stndy a number of free checks and pygidia of
trilobites have been passed over, as the time avaitable before 1 go to
the tield is not suflicient for the extended examinations and compari-
sons neeced for a final paper.

The large fauna discovered in the reconnaissance made by Messrs,
Willis and Blackwelder is an indication of the richness of the Cam-
brian faunas of eastern Asia, and of the great results that may be

aProe. U. 8. Nat. Mus., NXVIII, 1905, pp. 227-337.
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xpeeted when systematic, thorougli explorvation and collecting is
undertaken.  The following is a synopsis of the fauna as now known:

Name. Genera.  Species.

| e | 1 1
Porifera ...l | 1 1
Brachiopoda ........o... il 13 )
Gastropoda ... L. 1 8
Pleropoda . oooooii oot 2 8
Cephalopoda _..oooo oo L. Il 1
Trilobita ... oo ool o5 118
Ostracoda ..o, 1 6

Total ...l A8 172

ASSOCIATION OF GENERA AND SPECIES.

In order that the student may be saved the labor of making lists of
the species from the various localities, the following lists ave inserted.
The species given in each list do not all oceur in the same layer of
rock, but they are from the same band of layers. The number of
layvers and their thickness will be given in Mr. Blackwelder’s report
on the detailed sections.  The stratigraphic range is limited so as to
avoid the commingling of faunas from distinet faunal zones.

The line between the Middle and Upper Cambrian faunas is placed
at the top of the Ku San shale.  The fauna of the Ku San shale ineludes
species of Dameselli, Dorypyge, and genera that are typical of the
Middle Cambrian fauna, while the fauna of the Chao Mi Tien lime-
stone, above the Ku San shale. is more nearly related to that of the
Upper Cambrian of North America and northwestern Europe.

The line of the Lower Cambrian is placed at the top of the Man To
formation. as the predominant trilobite, Zcdlichiu, is more closely
velated to Olencllus than to the trilobites of the Middle Cambrian

fauna.
Brachiopoda:
Craniella ?7 sp.
Obolus matinalis, O. sp.
0. (Lingulella) damesi.
Syntrophia ovicatalis, S. ovthic.
Plectorthis doris, P. kayscri, P. linnarssoni, P.
pagoda.
Billingsella pumpellyi.
Gastropoda:
NSeenclla, species undetermined.
Straparollina eivee.
Upper Cambrian. ... Chao Mi Tien formation.... DPlatyeeras clytia, P. pagoda.
Stenotheea, species undetermined.
Pteropodac
Hyolithes daphuis.
Orthotheea eyrene, 0., species undetermined
Cephalopoda:
Cyrtoceras cambria.
Trilobita: )
Agnostus chinensis.
Anomocare bergiond, 1. bianos.
snomocarella bauels, . carme.
Menocephadus (7) depressus.
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Upper Cambrian..... Chao Mi Tien formation....
Middle Cambrian . ... Ku San formation...........

Middle Cambrian....Chang Hsia formation..... ..

Trilobita—Continued,
Pagodia bia, . dolon, . lotos, . macedo.,
Ptevacephalus busiris.
Ptychaspis acanius, P. cacus, P, cadinus, P eal-
chas, . eallisto, P. calyee, . cwmpe, P, cela.
. sp.
Ptychoparia (?) batia, P. dryope.
P (Proampyr) burea.
Solepoploura belus, S. beroe,
Dikeloeephalus () bauho, D, (2) brizo.
Nlwnurus cancas, 1. eceres, Lo dietys.
Brachiopoda:
Obolus ( Westonia) blackwdldert.
Dicellomns parvus.
Aerathele minuta.
Gastropoda:
Ntraparollina, species undetermined.
Trilobita:
Agnostus chinensis, . kusanensis,
Relichia finalis, K. species undetermined.
Olenoides (?) cilie.
Dorypyge leblaned.
Damesclia chione, D. sinensis.
Drepanura premesndli.
Ptychoparic (7) bromus, P. ccus, P, tes,
Nhanglungia spinifera.
Foraminifera: lobigerina (7) mantonsis.
Porifera: Protospengiv ehloris,
Brachiopoda:
Obolus minimus, O, ohseurus, 0. shewsicusis.
O. (Lingulcllay chincnsis, O, (L) deanesi.
O, (Lingulepis) eros.
O, ( Westondia) btackadlde ri,
Miceomelra labradoricn oricntalis, M. poaanla
ophirensis.
Diccllomus parras.
Aerothele matthe i eryx, L. rarns.
Aerotrete liand, A, pacifica, oA, shanglungensis,
Oholella asiatica,
Plectorthis Liundarssond.
Bilingsiila pampellyi (7).
Gastropoda:
Necnella elndho.
Platyee ras chrons.,
Stenatheea (7) elnrins, S rugosa orientalis.
Pleropoda:
Tyolithes eybele.
Orthothcea cyrene dryas, O. dawlis, O, delphus,
(). doris.
Trilobita:
Agnostus ehiinensis, A, kusanen
Microdiscus oricndalis.
Darypyye bispinosa, D, richthafent,
gella alastor, D, aleon, D. typtealis.
la bellagranalata D, blackwelderi, D.
brevieaudala.
Agraulos abaris, A, abrota, A. acalle, A, agenor,
A divee, S divi, AL dolon, AL dryas,
Anomocare aleinoe, L. biston, A. (?) bules, .1,
daunlis, 1. dannus, A, dreclus, A latd imbatuom,
Lt minus, WAL tatian, Ll temenus.
Anomncarella albion, A. (?) bura, A. chinensis.
Arionellus agonius, A, ajur, 24, alala.
Menocephalas acerins, M. acis, M. widmela, M.
allrastia, M. agave, M. belenus, M. species
undetermined.-
Plerocephalus asiatica.
Ptychaspis acamus, P. sp.
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Middle Cambrian....Chang Hsia formation.......

Lower Cambrian.. ... Man To formation........... <

Pre-Cambrian........ Tai Shan Complex.

Trilobita—Continued.

Ptychoparia frequens, P. tettus, P. tencs, P, ti-

tiana, P. theano, P. tolus.

P. (Liostracus) wmegaturus, P. (L.} thraso, P.

(L) toweus, P. (L.) trogus, P. (1.) tutia.
P. (Proampy.r) sp.
Nolenoplenra abderus, S. aeantha, S. acidalia,
Nodgne.
Crepieephalns damia, Cmagnus.
Dolichometopus aleeste, D. deois, D. deveelo, D.
divee.
Ostracoda:
DPradorica bergerond, B, enyo, B. eris, B. fragilis,
B. stercope, B. woodi,
Brachiopoda:

Obulella asiatica.

Biltingsclla pumpellyi (?2), B. richthofent.
Gastropoda: Stenothoca rugosa chinensis.
Pteropoda: Hyolithes delia.

Trilobita:
Redlichia chinensis, R. nobitis.
Piychoparia actis, . constricta, P. granulosa,

P. impar var., P, mantoensis.

TABLE SHOWING (GEOLOGIC AND (GEOGRAPIIC DISTRIBUTION OF THgE FFiuna.

Horizons.

Cambrian.

FORAMINIFERA.

Gilobigerina mantoensis, new spe- |
O coccoooonootonacooanadaesanc ccaeal| ¢ |aczoo

PORIFERA.

Protospongia chloris, new species.

BRACIHHIOPODA,

Obotus matinalis Hallo.oo.oo. .o
minineus Walcot
obscwras Walcott . .
shensicnsis Walcott. .
species nndetermine

Obolus  (Lingalelle) — ehinen

U] G LR o] S

Obolus (Lingulellay damesi Wal-

cott
Obolus (Ll
Obolus  ( Westonia)

) cros Walcott.
blackwdlderi

Walcott _
Diccllonus parrus Walcott.ooo.oo oo | - L
Micrometya labradorica orientalis

Waleott o.... . ooocaoooaoooo o O 0 s LolL
Micrometra pannula ophivonsis

IWalcott ootos .o AL R

sderothdle wmatthewi cry,

rarus Walcott ..
sAerotreta ianit Walcott . ..
pucifica Waleott. ..
shangtungensis Waleott
Cramilla??sp... ... ... ...
Obolella asiatica Walcott. ..
Suntrophia oricntalis Waleott
orthin, new species.

Localities.

i i i

| Near Yen (‘huang.
Near Chang Heia.
Chen Ping Hsien.

~ Near Chao Mi Tien,
Ting Hs;{mg Tsien.

+ Hsin Tai Hsien.
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TABLE SHOWING (IEOLOGIC

BRACHIOPODA—cODtinued.

Plectorthis doris Walcott.
kayseri Waleott.
linnarssoni Walcott.
p(lquda Walcott
species undetermined

Billingsclla pumpellyi Walcott ...

richilofeni Walcott .

GASTROPODA.

Seenelle clotho, new speeies ......
species undeter-

mined 3

Strapurollinie civee ne\\upcu .
species unde

termined

Pladyecras clironus, new \peLIL
elytin, new speei

pagoda, new speeie
Ntenotheea (?) cluriusg, new species.
rugosa chinensis

lew variety . .

rugose  orientalis,

new variety ......

species nndeter-
mined............

PTEROPODA.

Hyolithes cybele, new species
daplils, new speeies ..
delin, new speeies .. ...

Ortholheea cyrene, 1lew species ...

cyrene dryus, new va-
riety .
daulis, new speet

delplivs, new speeies. . ..
doris, new speeies (... .

speciesundetermined
CEPHALOPODA.
Cyrloceras eaabria, new species .
TRILOBITA.

Aguostus ehinensis Dames
kustnensis, new speeies.
Microdiscusorirntalis,niew species
Redlichia chinensis, new speeies. .
Jinulis, new speei
nobilis, new specie:
species undetermined .
speeies undetermined .
species undetermined .
Ol noides (7) ellie, new species. ..
Dorypyge bispinosa, new species.
leblitnci Berg
rlehthofine Dames. ...
Doecypyyelia u(u\hn, 1eW sped jes.
aleon, New speeies .
l!/pl((l[lé new \1)(01(’
Dameselle bellagranadata, new

speei . VUSRI

blaekweld ey new
spec Tesoooiiiaaaa

brevicauwdata,  new
species. .

cliione, New spec
sinensis Berg ........

AND GEOGRAPITIC Dl\TRII!l”llU\ oF THE Favrxa—Cont’e

Horizons.

| Cambrian.

_1.\1

Localities.

[ien.
|
i

r Hsien.

—

Near Yen Chuang.
Near Chang Hsia.
Near Chao Mi

Ting Hsiang Hsien,
Iisin Tai Hsien.

Chen Pi
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Horizon<.

Cambrian.

TRILOBITA—continued,

Drepanura premesnili Berg ..
Adgrandos abaris, new species
abrota, new species
wealle, new speci
aygenor, NCW spec
diree, new species
divi, new species
dolon, new species
dryas, new speeies
Anomocare aleinoe, new species. .
bergioni, new apocu v
bidnos, New speeies. .
biston, new specie
butes, new speei
danlis, new spec
dannits, New species.
decelins, new speeie
Jatilimbatum Dames
s Pames ...,

fatian, new speci
lemenns, New species
Anomocarella albion, new speei
baneis, new speeies
Dura, new species. ..
carme, eW speeie
chinensis, new spe-

cies.......
Arionellus agonins, new spec
(jae, MW SPeCies ...
alala, new species. .
Menoceplialus acerins,new species _ .
acis, new species. ..
adicta, new spe-

agare, CW sj
belenus, new  spe-
(QUERS |

species  undeter- |
mined . 5

Pagodiabia, new speecie
dolon, new species

lotos, new speei

macedo, New speeies
Dlevoceplalus asiatiea, new spe-

¢ o

Plychaspis acanius, new specie:
Cacus, New speeies
ecwdinis, new specie:
calehas, new species
callislo, new speeles
calyce, new speeies
canpe, new speeies
crto, new specles )
wpu10\\1114[('lermmud .
speciesundetermined |
specres nndetermined |.

Piychopuria aclis, new speeles...

) batin, new  spe-
cies .
(?) bromus
C1es
ecns pecies ...
constricla, new spe-
€10
dryope, new “[)l(l

Near Yen Chuang.

Near Chang Hsia.

1

Chen Ping Hsien.

Localities.

‘ Ting Hsiang Hsien.

i Near Chao Mi Tien.

| Tai An Fu.

Hsin Tai Hsien.
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TABLE SHOWING (GEOLOGIC AND (GEOGRAPIHIC DISTRIBUTION OF TIiE ]‘ L

Na—Cont’ (1

Horizons.

Cambrian.

TRILOBITA—continued. |

Ptychoparia frequens, Dames ...
granulosa, new spe- ‘

cles oo
inpar, new spccios..‘
impar var.? new |

vatiety..

ligea, new ~pc(‘u

mantoens

cies

tellus, new species

tenes, new speeies.

titiana, new species .

theano, new species.

tolus, new species. ..

species undeter- o

mined

DPtychoparia ( Liostracus) mcga-
Hrmnes TDXIYES] o o 00 0o 000000060000
Ptychoparia ( Liostracus) thraso,

Plychoparia ( Liostracu
new species........
Ptychoparia (Lwstracus) trogus,
New species
Ptychoparia ( Li(_. tracus
1eW sped
Ptyctoparia (Pl mznlpu:) burea,
new species
Ptyctioparia (Proaupyry sp.
Nhangltungin spinifera, new spe-
cies

Solenopleura abiderus, new speeies

acantha, new speeies
acitalia, new species

agno, new species .|,
belus, new speeies .|,

beroe, new species ..

Dikelocephatus (?) bawbo, new
species

l)ll\(lo(‘(phalus (7)y bl

frz’plcephalus(lanua nowxpeum

magnus, New spe-

cles ..o,

Dolichometopus aleeste, new spe-
cies

decols, new spe-

cies ...,

derecto, new

cles coooilll.

dirce, new spe-

eles

Mlacnurus canens, new species ..

Ceres, New speecies (..

dictys, new species. ...

OSTRACODA.

Bradoria bergeroni, new specic
€nyo, new species. ..

TN, New species

fHLl[l/h new species

stereope, new speei
woodi, new speci

Localities.
|
|

Near Chao Mi Tien
Ting Hsiang Hsien

Near Yen Chuang.

Chen Ping Hsien.

Near Chang Hsia.

L Tai An Fu.

Kao Chia Pu.

. Hsin Tai Hsien.
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FORAMINIFERA.
Genus GLOBIGERINA d’Orbigny.
GLOBIGERINA (?) MANTOENSIS, new species.

A single specimen of what is probably a species of Foraminifera
oceurs in - compact gray linestone. It s elongate-oval in shape,
convex, und divided longitudinally hy a narrow furrow into two lobes,
which are marked by more or less irregularly arranged and not very
deep depressions at right angles to the central furrow.

Formation and locality.—Middle Cambrian, upper portion of Man
To shale formation; 3.2 miles southwest of Yen Chuang, Hsin Tai,
Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washineton Expedition to China.

PORIFERA.
PROTOSPONGIA Salter.
PROTOSPONGIA CHLORIS, new species.

Of this species only the large primary spicule arve known. The
skeleton is not preserved.  The silicious spicules vary in size, but they
all appear to be four-rayed.  The rays ave slender, extending out usu-
ally at right angles to each other from the center, hut in-some speci-
mens one or more of the rays is occasionally slightly diverted from
the right angle; they slope slichtly downward from the center to their
extremities, which gives a low pyramidal form to the spicule: there is
no trace of a central, downward-pointing ray on the under side. Each
ray has a rounded angle on its upper side; it is slichtly angular at the
sides and subangular on the lower side.  In many examples the narrow
rounded ridge of the upper side is exfolinted, leaving a V-shaped
groove lengthwise of the ray; the grooves from the fourrays unite at
the center.

As a result of the exfoliation of the upper side of the ray there
appear to be three forms of spicules: First, the complete spicule, as
above described; second, a very slender spieule with the rayvs rounded
on the npper side and angular on the lower side; and, third, a spicule
having a V-shaped groove on the upper side of the rays.

The spicules ahove deseribed resemble in general form those of /%ro-
tospongia fenestrata Salter; they differ in the absenee of the eentral
ray and the exfoliation of the upper side of the ray.

Formation and locality. —NMiddle Cambrian, central portion of
Chang Hsia formation, in compact ¢ray limestone; at Yen Chuang
and 2 miles sonth and 3 miles southwest of Yen Chuang, Hsin Tai,
Shangtune, China.

Collected by Eliot  Blackwelder, of the Carnegic Institution of
Washineton Expedition to (‘thina.
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BRACHIOPODA.

Genus ACROTHELE Linnarsson.
ACROTHELE MATTHEWI ERYX, new variety.

In form. convexity, and size the ventral valve of the ouly specimen
representing  this variety is very similar to the typical forms of
Aerothele matthews. The shell is partially exfoliated, and shows the
cast of the boss as u small oval pit about the pedicle opening and two
narrow vascular sinuses that extend from a point nearly hack of the
pit, forward and a little outward, about one-third the length of the
valve.

The shell is huilt up of several layers of lamelle thatare smooth and’
shiny on the interior. except where slightly roughened })\ slight vas-
cular markings and obscure radiating strize; the outer surface is dull
and marked by concentric strice and lines of growth and numerous
fine, irrecular, often anastomosing, elevated hines that ¢ive the surface
a rough appearance.

The valve is nearly cireular, with a diameter of 6 mm.  1f this shell
were associated with Llerothcle matthewd in the Middle Ciunbrian rocks
of New Brunswick. I should not hesitate to identify it with that
species.  In the absence of a series of specinens and specimens of
the dorsal valve, it is not certain that it is identieal with . lerot/ede
matthews.  On this account the varietal name is given it

Lormation  and localily.—Middle Cambrian, central  portion of
Chang Hsia formation: 3 milex southwest of Yen Chuang. Hsin Tai,
Shangtung, China.

Collected by Eliot Blackwelder, of the (arnegie Institution of
Washington Kxpedition to China.

Genus SYNTROPHIA Hall and Clarke.
SYNTROPHIA ORTHIA, new species.

General form irregularly oval, with the ventral view obtusely angn-
lar toward the apex: rounded, biconvex, with a deep mesial sinus at
the ventral valve and a strong median fold on the anterior half of the
dorsal valve.

Surface smooth with the exception of a few concentric strice and
lines of growth.

The ventral valve has a strong median sinus that ocenpies about one-
third of the width of the valve at the anterior margin and projects for-
ward to fit into the sinus in the front of the margin of the dorsal valve;
the sides of the median sinus are clevated, and with the downward
curving lateral slopes form a strong, rounded ridge on each side of the
sinusy none of the specimens in the collection show the wrea, but from
the profile of the valve it must have been of moderute height with a
rather sharp apex curving over it.



) PROCIERDINGS OF THIE NATION.AL MUSEUM. VOL. XXIX.

Dorsal valve with a minute apex from which a narrvow, slightly
developed median fold extends out to about the center of the shell,
where it hecomes elevated and projects forward to the front marging
the remaining portions of the surface are wniformly convex, sloping
away from the median fold to the margins of the valve.

Nothing is known of the interior ot either valve.

Obsercations.—In general form this species resembles Syntrophia
primordialis of the Sto Croix sandstone of Wisconsin.® It differs in
it more rounded irregnlarly oval form and the very large median
sinus of the ventral valve.

Lormation and locality.—Upper Cambrian.  Central portion of Chao
Mi Tien Hmestone, Pagoda Hill, 1 mile southwest of Tai An IFu, and at
a somewhat dower horizon two-thirds of a mile west of Tai An Fu,
Shangtung, China.

Collected by Elhot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

GASTROPODA.

Genus SCENELLA Billings.
SCENELLA CLOTHO, new species.

Shell small, moderately convex; apex”elongate, slightly eccentrice,
elevated; aperture irregularly oval; a narrow carina extends from the
apex down to the broader end, and several ohscure caringe radiate from
the apex toward the margin.

Surface marked by fine concentric striwe aud very fine radiating
striw,

The type specimen has a length of 4.25 mm.; greatest width 3 mu.;
elevation of apex about .5 mu.

This species is clearly distinguished by the broad, elliptical, or sub-
ovate form of its aperture and elongated apex; the latter feature is
determined from the interior of the shell, which indicates that the
apex was sitnated somewhat nearer the narrower end of the aperture;
this feature sugeests that it there were perfect specimens representing
the species, it might be found to he more nearly related to some forms
of Stenotheca than to Seenella.

Formation and locality.—Middle Cambrian, upper portion of Chang
I1sia formation, I mile cast of Chang Hsia, Shangtune, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

SCENELLA, species undetermined.

This species is represented by a cast of the interior of a small,
patelloid shell. with an oval aperture measuring 2 by 3 mni. and

« Proc. U, S0 Nat. Mus., NXXVILI 1905, p. 292,
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having a slightly eccentrie elevated apex. It does not appear to he
identical with Seencdla clotho, of the Chang Isin formation, as the
apex is more eccentric and there is no evidence of any carina,

Formation and local/ty.—Upper Cambrian, lower portion of Chao
Mi Tien formation: Pagoda I1ill, 1 mile west-southwest of Tai An Fu,
Shangtung., China.

Collected by Eliot Blackwelder, of the Carncgic Institution of
Washington Expedition to China.

Genus STRAPAROLLINA Billings.

STRAPAROLLINA CIRCE, new species.

Shell small, hemispherical, spirve depressed and rounded in outiine:
whorls probably about three; only two are preserved: suture shallow;
the whorls are gently and uniformly rounded from the suture down
to the more rapid curve to the basal side: as far as can be determined
a seetion of the outer whorl has the form of an ellipse, the narrower
parts toward the dorsal furrow and the outer basal margin.

The greatest diameter of the type and only specimen is 3.5 mn. ;
greatest diameter near aperture 2 mm.; diameter of whorl opposite
aperture 1.5 mm.

The surface is marked by concentric elevated lines that extend
obliquely backward from the dorsal suture to the base of the whorl,
where they are concealed by the matrix.  This species ditfers from
Stiraparollina reiote Billings in the more rapid expansion of the
outer whorl and more elevated spire,

Formation and local/ty.—Upper Cambrian, lower portion of Chao
Mi Tien formation; Pagoda Hill, 1 mile west-southwest of Tai An
Fu, Shangtung. China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

STRAPAROLLINA, species undetermined.

This form is represented by the lower portion of a single whorl,
that is rounded in outline and suggestive of Strapurollineg remota.
The greatest diameter across the volution is 6.5 num.. and of the
whorl 2.5 to 3 mm.

Lormation and locality.—Middle Cambrian, in shales just helow
the Chao Mi Tien formation, corresponding to the Ku San shales;
tsolated hills 12 miles S. 80° K. of Tai An Fu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegic Institution of
Washington Expedition to China.
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Genus PLATYCERAS Conrad.
PLATYCERAS CHRONUS, new species.

Shell minute, consisting of two whorls somewhat irregularly in-
carved. the inner whorl heing on the plane of the dorsal (onter) side;
the outer whorl expands rapidly toward the aperture. increasing more
on the right ventral (inner) side; @ cross section of the outer whorl
shows the outer side to he slightly convex and the inner side strongly
convex, a rather sharp dorsal angle being tormed where the two unite
on the outer side.

A narrow. sharp ridge occurs about midway of the outer side of the
whorl, that is seen only when the outer surface is very perfeetly
preserved: in one example the ridge has a narrow depression on the
outer side which makes « rather prowminent feature of the surface:
the strie of growth arch backward to this ridge, indicating a sharp
but small dorsal sinuosity in the peristonie; on casts of the-interior
neither the ridge nor the arching backw:nd of the striwe is shown.

The surface of finely preserved specimens is marked hy concentrie
lines of growth. a sharp ridge, and one or two very fine, elevated lines
subparallel to the ridee.

Greatest diameter of shell 1.5 nmn. ;. dorso-ventral diameter of whorl
at aperture 0.75 mm.: lateral diameter 0.5 mni.

This species appears to be most neavly related to /atycoras pri-
merune Billings. It differs in its stronger dorsal anele and more
rapidly expanding outer whorl.

Formation and locality.—Middle Cambrian, centeal portion of Chang
Hsia formation; at Yen Chuang and 2.5 miles south of Yen Chuang;
also in clifls I mile east of Chang Hsia, in upper portion of Chang
Hsia formation; Shangtune, China.

Collected hy Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

PLATYCERAS CLYTIA, new species.

Shell minute. consisting of about two whorls.  Whorls regularly
incurved. the plane of the coiling being nearly perfect with the
exception of w very slight inclination to the left when looking down
upon it from above (dorsally).  Outer whorl very minute at origin,
increasing slightly for the first halt of its turn and then rapidly
toward the aperture, which is rounded ovate, heing narrowest at the
dorsnm; a rounded dorsal ridge is formed on the outer whorl by the
convex slope of the two sides meeting at the dorsum.

Surface apparently smooth in the half dozen speeimens in the
collection.

Crreatest diauneter 2.75 mm.; dorso-ventral diameter of whorl near
aperture 1.5 mm.: greatest lateral diameter 1.25 mmn.
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This spedies differs from /atyceras chronns and 12 pagoda in the
torm of the outer whorl, which expands more wniformly and has a
broadly ovate section: its form also distinguishes it from /2
/)/'/’/N(‘I’/'l////.

Forniation and locality.—Upper Cambrian, upper portion of Chao
Mi Tien formation. in gray oolitic limestone: Chao Mi Tien, Shang-
tung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

PLATYCERAS PAGODA, new species.

Shell minute, consisting of about two whorls. of which the inner
whorl is very minute and incurved so as to be seen best from the rieht
dorsal or outer side.  Whorls regularly incurved, with the plane of
the coiling toward the right dorsal side. The section of the outer
whorl near the aperture is elongate oval, with the left ventral side
somewhat flattened.  The outer whorl widens rapidly toward the
aperture. especially on the right ventral (inner) side, which gives the
outline, when looked @t from the dorsal ridge. an oblique. unsyimmet-
rical appearance.

Surface marked by concentric lines of growth which aveh backward
upon the dorsum, indicating a dorsal sinuosity in the peristome.

Greatest diameter of the shell 2.5 mm.: dorso-ventral diameter of
whorl near the aperture 1.75 mm.: greatest lateral diameter not meas-
urable, but apparently not more than one-half the antero-posterior
diameter.

This speeies differs from /atyecras chronns in the size of the outer
whorl, minute inner whorl, and the absence of longitudinal ridees,
features which also distinguish it trom 22 priuerewn Billings© and
allied forms.

Lormation and local{ty.—Upper Cambrian, lower portion of Chao
Mi Tien formation: Pagoda Hll. 1 mile west-southwest of Tai An Fu,
Shangtung. China.

Collected by Eliot Blackwelder, of the Carncgie Institution of
Washington Expedition to China.

Genus STENOTHECA Salter
STENOTHECA (?) CLURIUS, new species.

This form is represented by the interior cast of a large, slender.
slightly curving shell. The cast has a length of 16 mm., with a
diameter where it is broken off at the end of 4 hy 5 nmun. The largest
diameter at the aperture was probably about 10 mm.

@ Can. Nat. and Geol., VI, 1871, p. 220.
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The generie reference of this spectmen is doubtful, but in the
absence of the ounter shell it is not possible to determine the generic
relations.

Tormation and localty.—Upper Cambrian, lower portion of Chao
Mi Tien formation: Pagoda Hill. 1 mile west-sonthwest of Tai An Fu,
Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China. '

STENOTHECA RUGOSA CHINENSIS, new variety.

[n its general form this shell is closely related to Stenothecn rugosi;
it 1s. however, more elevated and more broadly oval in outline than
the typical forms of S, rugose. The surface is marked hy a number
of moderate nndulations, or low concentric ridges, and numerous very
fine concentric striwe of growth; with a strong lens fine radiating stria
arc visihle.  The type and only specimen in the collection has a longer
diameter at the aperture of about 10 mni., with a heicht of 7 mm. to
where the apex is decorticated: at this point the oval seetion has ¢
length of 2.5 mum., with a width of 1.5 mm. The apex is broken off at
a smooth, slightly convex septum.

This specimen is of unusual interest, owing to the presence of a
septum toward the apex. In form it resembles most closely S. rugosa
acnticoste Walcott, but differs from that variety in the prescunce of
rounded instead of acute costwe.  From S. rugose it differs in being
elevated and more or less conieal.

Formation and locality.—Lower Cambrian, Man To formation, in a
hard, blue-gray lmestone, 2.5 miles southwest of Yen Chuang, IHsin
Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

STENOTHECA RUGOSA ORIENTALIS, new variety.

This variety s founded npon a small; slender shell with a rounded,
oval aperture. In form it is between Stenotheca vugosa aeuticosta and
N. rugosa crecta, being slender, slightly arched, and cornncopia-like.
Surface marked by strong. sharply angular concentric ridges, with
broader U-shaped furrows between them, and numerous fine con-
centric striwe.  The average length of the shells of this species is
3 mm., with a diameter at the aperture of 1.5 to 1.75 mm.

Formation and locality.—Middle Cambrian, upper portion of Chang
IIsia formation: at Chang Hsia and 1 mile east of Chang Hsia. Shang-
tung. China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.
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PTEROPODA.
Genus HYOLITHES Eichwald.
HYOLITHES CYBELE, new species.

Form an elongate, subtriangular pyramid. gradually and regnlarly
tapering to an acute extremity.  The apical angle ot the dorsal side is
about 15-. Transverse section rounded subtriangular; the ventral
angle is rounded and the lateral angles slightly rounded off.  Dorsal
face moderately convex and curving very slightly from the apex to
the anterior, spatulate portion.  Ventral face strongely and regularly
convex transversely.  Aperture oblique, the margin extending on
the dorsal side; the peristomeron the ventral side is slightly curved
forward.

Surface marked by concentric, transverse, move or fess obsceure lines
and strie of growth; the cast of the interior shows on the ventral face
three or four obscure longitudinal lines, the central one of which is
the strongest.

The largest specimen in the colleetion has a length of 24 mm., with
a width of 7 mm. at the aperture,

The body of the associated operculum ts semicireular. moderately
convex on the outer side externally, and concave within.  The ventral
wing as =een on the outside is semicirenlar-convex, rising toward a
point at the center of the transverse side.  The dorsal linh is nearly
flat, rising, as tar as can he determined from a broken specimen, at an
angle of abont 100 from the plane of the hody of the operculum.

In the slope of the sides toward the apex, character of surface, and
the transverse section this speeies may be comparved with Z2yolitles
princeps Billings “ of the Lower Cambrian of Newfoundland, /7. 00 /s-
triatus Linnavsson, and 71 arcnophilus Holmt 110 cybeleis, however,
mueh smaller than the tirst two speeies nentioned, and its seetion is
much more convex, both on the dorsal and ventral sides, than that of
11 arenophilus.

Lorneation and locality.—Middle Cainmtbrian, central portion of Chang
Ilsia formation; at Yen Chuang, 2 miles and 2.5 miles south and 3
miles southwest of Yen Chuang. Hsin Tai. Shangtune. China. - Also
near the top of the Chang llsia formation at Chang Ilsia, Shangtune.
China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

bzeol. Surv. Sweden, Ser. €, No. 112 pl. 1, figs. 7881 and 82-93.

Proc. N. M. vol. xxix—05-—2
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HYOLITHES DAPHNIS, new species.

The type and only specimen of this species in the collection has a
fength of 26 mn., with a width at the larger end on the dorsal side of
11 mm.. and a dorso-ventral thickness of 9 mm. At a distance of 21
mm. from the larger end the smaller end has a width of 5 mm. on the
dorsal side.  Nothing is known of the outer surface. The scction
shows a very strongly convex ventral side, with rounded ventral
angle: the dorsal side is gently convex, with the lateral angle slightly
rounded.

This species ix represented by a cast that micht have heen taken
from some of the more convex specimens of /lyolithes princeps Bil-
lings, of the Lower Cambrian rocks of Newfoundland. It ditfers
from these in the more convex dorsal side.

Fovuation and locality.  Upper Cambrian, summit of the Chao Mi
Tien formation; 2.7 miles southwest of Yen Chuang, Hsin Tai, Shange-
tung, Chinz.

Collected by Eliot Blackwelder. of the Carnegie Institution of
Washington Expedition to China.

HYOLITHES DELIA, new species.

This species is represented by the dorsal side of a single specimen.
It resembles the dovsal side of /lyolithes billings: Walcott.  The
dorsul surface is gently convex and is marked on cach side, parallel
to and a little distance within the margin, hy a very shallow groove
which outlines @ central, more slightly convex area. This specimen
is probably the interior cast. It shows a few forward-arching concen-
tric lines of ¢rowth. The type and only specimen representing the
species has w length of 5 mm., with a width of 1 mm. at the smaller
end and 2,25 mm. at the larger end. ’

IFrom the means of comparizon atforded by the single specimen this
species appears to be most closely velated to /lyolithes billingse. 1t
differs in the more slender tube.

Formation and locality.—Lower Cambrian, in hard, blue-gray
limestone, lower part of Man To formation: 2.5 miles south of Yen
Chuang, Hsin Tai, Shangtung, China.

Colleeted by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

Genus ORTHOTHECA Novak.
ORTHOTHECA CYRENE, new species.

Form. an elongate. slender, subtriangular tube. with the lateral mar-
gin rounded, tapering eradually from the base to an acute extremity.

@ Bull. No. 30, U. 8. Geol. Survey, 1886, p. 134, pl. X1, tigs. 15, Te.
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Transverse section rounded subtriangular, transverse. and sliehtly
concave toward the conter on the dorsal side. rounded at the lateral
angles, highly arched on the ventral side. with the ventral angle
broadly rounded. Dorsal face of the lateral angles rounded. with a
shallow depression, with rounded lateral slopes, w little more than
one-third the width of the fuce.  Ventral face strongly and regularly
convex transversely. and without any ventral angle.  Aperture. as
far as known, transverse, at richt angles to the axix of the shell.
Operculum unknown.  Shell of moderate thickness and made up
apparently of several layers or lamelle.

Surface of the shell concentrically or transversely tinely striated:
a few longitudinal strize may be seen by turning the specimen in the
light.

The largest specimen. which is broken oft at the apical end, has a
length of % mm., with a width on the dorsal side at the larger end of
2 mm.; a specinmen with a diameter of 3 mm. on the dorsal fuce has
a dorso-ventral diameter of 2 mnm.

What appears to be a transverse septum oeenrs in one of the shells
about % mm. from the apical end.

The elongate form of the tube and the shallow groove on the
center of the dorsal face arve not unlike Zlyolithes comuinnis cinonsi
Ford.« The two species, however, differ in the outline of the trans-
verse section and in the more rvapidly expanding tabe of (ythotleca
cyrenc.  There is a number of species from the Swedish Cambrian.
illustrated by Holm, that have the central depression on the dorsal
face.  Of these Orthotheca aginis Holm is most nearly related to (2,
cyrene.

Formation and locality.—Upper Cambrian, upper portion of Chao
AMi Tien formation: Chao Mi Tien and 2.7 miles southwest of Yen
Chuang, Hsin Tai. Shangtung, China.

Collected hy Bliot Blackwelder. of the Cuarnegic Institution of
Washington Expedition to China.

ORTHOTHECA CYRENE DRYAS, new variety.

This variety is characterized by having a hroader, more shallow fur-
row on the dorsal face: otherwise it appears to be identical with (/.
cyrene.  On some specimens the shallow groove is scavcely percepti-
ble, the face being practicully transverse and smooth.

Formation and locality.—Middle Cambrian. central portion of Chang
Ixia formation; 2 miles south of Yen Chuang. Hsin Tuai. Shangtung,
China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

aTenth Anun. Rept. Ul 8. Geoll Survey, 1840, pl. pxxvi, fig. 44,
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ORTHOTHECA DAULIS, new species.

Shell elongate, slender. tapering gradually to an acute point.
Transverse seetion subeivenlar, slightly flattened on the dorsal side.
Ventral face strongly and regularly convex transversely: the dorsal
and ventral faces meet to form the rounded laterval angles of the shell,
the dorsal face being narrow and slightly flattened.  Aperture trans-
verse. as indicated by the transverse lines of growth.

Surface of the shell smoothed and polished, with only a very few
obscure traces of transverse concentric lines of growth.

The largest specimen in the collection has a length of 16 mm., with
a dianeter at the larger end of 4 mm.., and at the smaller end, where it
appears to be hroken off at a transverse septum, of 1.25 mm.

This species resembles, in its slender tube and nearly cireunlar sec-
tion, Orthothece communis Billings.© It differs in expanding a little
more rapidly toward the larger end and in its smooth surface. 1t may
be comparved with Orthotheca stylus Hohn, except that it does not have
the curvature of that species nor the cancellated surface.  Its slender
tube and nearly cireular section are much like those of Orthothica
tevetiusculus Linnarsson.” as illustrated by Holm in hix memoir on
Hyolithide.

Lormation and locality.—Middle Cambrian, lower portion of Chang
Hsia formation, in gray oolitic limestone; 50 feet below base of clitls,
Chang Hsiaw also central portion of Chang Hsia formation, 2.2 miles
southwest of Yen Chuang, Hsin Tai, Shangtung, China.

Collected Dy Eliot Blackwelder. of the Carnegie Institution of
Washington Expedition to China.

ORTHOTHECA DELPHUS, new species.

sShell straight. clongate, slender, tapering gradually to an acute
point.  Transverse section subelliptical, with the dorsal side flattened.
Dorpsal face gently convex, lateral angles rounded. Ventral face
moderately convex.  Aperture about transverse, as indicated by the
concentrie striee and lines of growth. Shell of medium thickness.

sSurface of the shell transversely or concentrically striated by
somewhat irregular, raised, sharp, fine, closely arranged strive; on
the rounded ventral side a few slightly ohlique, longitudinal, clevated
lines occur near the larger end.

The largest specimen has a length of 9 mnm., with a width of 1 mm.
at the smaller end and 1.75 mm. at the larger end.

There is some variation in the transverse section of the shell owing
to the variation in the convexity and flattening of the dorsal face. In
some specimens toward the apical end the section is a rather narrow
ellipse.

« Tenth Ann. Rept. V. S0 Geol. Survey, 1880, pl. uxxvi, figs. 3, 5 a—g.
b Geol. Nurv. Sweden, Ser. ¢ No. 112, pl. 1.
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The elliptical section and the fine, raised, transverse strize <erve to
distinguish this species from any other known to me.

Formation  and locaidty. -Middle Cambrian. central portion of
Chang Hsia formation, in limestone nodules at the base of a stratum
of green shale a local phase of the Chang Isia oolite formation: 3
miles south of Kao Chia Pu and 3 miles sonthwest of Yen Chuang,
Hsin Tai. Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Tustitution of
Washineton Expedition to China.

ORTHOTHECA DORIS, new species.

Shell elongate, slender, and regnlarly tapering.  Transverse scetion
oval or circular; in the type and only specimen the shell is somewhat
crushed, which leaves the original form in doubt. The dorsal face
appears to have been moderately convex, with rounded lateral angtes
that passinto the convex, rounded ventral side.  Transverse strize and
lines of growth indicate that the aperture was probably transverse.
Shell apparently strong.

Surface of shell transversely or coneentrically marked hy lines of
erowth, with more or less irregular strize between them: in addition
there is a finely pitted surface hetween the strice. and sometinies on
them, that gives a very peculiar aspect to the surface under a strong
lens.

The fragment representing this species has a length of 7.5 mm., with
a transverse diameter at the larger end of 5 mm. ‘

This species 1s characterized by the peculiar, irregularly pitted
surtace,

Lormation and locality.—Middle Cambrian: collected from river
drift rock on gravel har in the Lan 1o, 1T mile south of Chén Ping
Hxien, southeastern Shensic China, near the extreme southeastern
corner of the Provinee of Shensi. adjoining on Hupeh and Ssuch” uan.

Collected by Bailey Willis and Eliot Blackwelder. of the Carnegie
Institution of Washington Expedition to China.

ORTHOTHECA, species undetermined.

Fragments of a small, elongate, slender Orthotheca oceur in the
upper Cambrian.  The species has a transverse section muceh like that
of O. dunlis, except that the dorsal face is much broader, which gives
a rounded, subtriangular outline to the section, resembling in this
respect (). cyrency but the latter has a shallow groove on the dorsal
tace which is absent in the fragments under consideration.

Foriation and locality.— Upper Cambrian, upper part of Chao Mi
Tien formation; Pagoda Hill, 1 mile west-southwest of Tai An Fu,
Isin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.
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CEPHALOPODA.

Genus CYRTOCERAS Goldfuss.
CYRTOCERAS CAMBRIA, new species.

Shell vently curved, laterally compressed.  Seetion ovate, dorso-
ventral diameter as compared with the lateral diameter toward the
last chamber being nearly as four to three, the greatest lateral diame-
ter being nearer the dorsal than the ventral side; dorsal side more
obtusely rounded than the ventral.  Septa arching sliehtly forward
fromn the dorsal side; short. about five in a distance of 2.5 mmn.
where the shell has a diameter of from 1 to 1.5 mm. Chamber of
habitation supposed to be of moderate depth; none of the speeimens
elearly show the margin of the aperture.

This species is represented by a number of more or less fragmentary
specimens.  The largest has a dorso-ventral diameter near the aper-
ture of 3 mm.,; with a length of 7 mm. to where the diameter is 1.25
mm.: chamber of habitation appears to have a depth of 2 mm. The
siphuncle in a specimen 2.25 mm. in the dorso-ventral diameter has a
diameter of less than 0.2 mm.; it i situated on the dorsal side, and
almost reaches the exterior surface of the thin shell, which is some-
what thickened on the dorsal side.

This little shell appears to be a trne Cyrtoceras. Oceurring as it
does well down toward the base of the Chao Mi Tien limestone, the
fanna of which is of upper Cambrian age, makes it of great interest,
ax it is the oldest known representative of the genus, and, unless Vol-
horthella is considered to he a cephalopod, is the oldest known
representative of that class.

Foruation and locality.—Upper Cambrian, lower portion of Chao
Mi Tien limestone; Pagoda Hill, 1 mile west-sonthwest of Tai An
Ifu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

TRILOBITA.

Genus AGNOSTUS Brongniart.

AGNOSTUS KUSANENSIS, new species.

Cephalic shield nioderately convex, a little wider than long, semi-
circular in outline, and slightly contracted at the posterior lateral
angles: the narrow, rim-like, rounded border is broadest at the front,
narrowing toward the postero-lateral angle. around which it curves,
and extends about one-fourth the distance across the posterior margin
of the head:; dorsal furrow well defined on the sides, but rather faint
in front of the large posterior lobe of the glabella.
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The glabella is formed of a posterior, slightly convex lohe that is
little more than one-fourth the width of the head and less than one-
halt its length: it is marked alittle in advance of its center hy a small,
pointed tubercle; in front of the posterior lohe there is o faintly out-
lined conical extension of the glabella that differs more orless in form
and strength in nearly every specimen of the head: it is usually very
obscure: lateral lobes moderately convex and uniting in the front
without interruption in the convexity or surface.

The thoracic segments associated with the cephalic and caudal shicelds
have a convex axial lobe with narrow plenral Tohes: the axial lobe is
divided into a central portion and two lateral portions by narrow fur-
rows, viving the effect of two large oval tubercles hetween the dorsul
furrow and the central portion of the scement: the <hort pleural lobe
is marked hy a very narrow pleural furrow a short distance hack of
its conter.

The caudal shield associated with the cephalic shield i shightly
shorter in proportion to its width and less convexy it is hordered hy a
flat, rather broad rim. that is narrow at the front margin. gradnally
inereasing to its greatest width hehind, where its inner margin enrves
inward to form a blunt angle at the point opposite the axial lobe: the
front margin is narrow and elevated in front of the lateral lobes
and bordered with a narrow, slightly convex, sharply defined axial
segment.

Axial lobe about one-third the entire width, moderately convex.
and marked on its anterior third by an elongate, slightly elevated
tubercle from which on some spectinens, but not on others, two very
faint grooves extend outward and then curve obliquely huekward to
the dorsal furrow, the front groove being opposite the apex of the
tubercle; in some examples the axial lobe contracts opposite the cen-
tral tubercle and expands at the frontal margin, where an obligue,
very faintly defined furrow outlines a small oval lohe; dorsal furrow
narrow and sharply defined all about the central axis; hack of the axis
it unites and passes back into the furrow within the border; lateral
lobes gently convex, usnally about the width of the axial lobe near
the central portions, narrowing posteriorly. and dying out at the
short, shallow furrow at the posterior point of the axial lohe.

Surface of cephalic and candal shields and thoracie segnients mi-
nutely punctate. ‘

This species differs from Aguostus chinensis Dames, which oceurs
abundantly in the Chang Hsia formation, in having a short glabella and
hroader lateral lobes on the cephalic shield, and broader lateral lobes
and flat border on the pygidium. It isof the type of and very closely
related to . parrifrons Linnarsson, trom which it differs in the pro-
portion of the glabella to the length of the cephalic shield and in the
flatter margins of the cephalic and caudal shields.
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Formation and locality.—Middle Cambrian, upper portion of Chang
Isia formation, 3 miles south of Kao Chia Pu. Hsin Tai. Shangtung,
China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

Genus MICRODISCUS (Emmons) Walcott.«
MICRODISCUS ORIENTALIS, new species.

There is in the colleetion but a single specimen of the matrix of «
portion of the head of this speecies.  This indicates the head to have
heen semicireular in outline, with a strong, rounded, frontal border,
narked hy ten or more transverse furrows, very much in the same
nmanner as M. connerus.  In front of the border there is a very nar-
row, slichtly clevated rim.

Checks convex. aud sloping from the center toward the narrow,
sharp dorsal furrow abount the glabella and to the furrow within the
border of the head. .\ very narrow ridee extends just back of the
antero-lateral angles of the glabella outward so as to disappear in
the furrow within the outer horder.

Gilabella very narrow in front. gradually widening toward the base,
and from the slight indication iu the specimen is continued backward
in an oceipital spine: it is marked hy two transverse, lightly impressed
furrows, and what may be a faintly impressed oceipital furrow.

This species shows characters that oceur in two deseribed forms:
The border of the head and the oceipital spine are much like those of
M. connerns: the transverse furrows of the glabella recall those of
some speciinens of M. speciosis.

Its oceurrence in the Cambrian rocks of China is most interesting.

The fossils assoeiated in the blhuish-gray limestone are .lerotireta
shongtungensis, Dicdlonos pareus, Obololla asiatica, Obolus shensiecn-
sisc Ayolithes. nndetermined  fragments of trilobites, and a small
ostracod.

Collected by Bailey Willis and Eliot Blackwelder, of the Carnegie
In=titution of Washington Kxpedition to China.

lermation and locality.—Middle Cambrian.

The type specimen is from dark, bluish-gray, compact limestone,
in the river drift of the Lan 1o, near the extreme sontheastern
corner of the provinee of Shensi, joining on Hupeh and Ssueh® nan,
once mile south of Chén Ping Tsien, Shensi, China.

Genus REDLICHIA Crossman.

Redlichic Crossyuan, Revue Critigque, Paléozoologie, 1902, Sixi¢me Ann., p. 52.
[wferia Repucn, Mem. Geol. Sur. India, new ser., I, 1901, p. 2.
Not [aferia BrrrNer, 1895,

« Bull. U. 8. Geol. Sarv., No. 30, 1886, p. 152.
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Oviginal description hy Doctor Redlich: »The head shield is almost
semicirenlar. slightly elevated. possesses movable cheeks and two lone
cheek-spines. The glabella is evlindrical, slightly contracted toward
the middle, provided on each side with four lateral furrows. The
palpebral lobes, which surround the glabella in one continuous enrve,
are completely separate from it and not contluent ax in Olencllus.
The facial sutures are well developed in all the specimens and. in con-
sequence of this. free cheeks are present.

“The suture begins in the first quarter of the external maregin
(reckoned from the ¢labella), extends along the eves, and toward the
posterior margin is again directed outwurd. The tixed cheeks are
very narrow, whilst the free cheeks, which arve provided with long
cheek-spines, are almost double the width.

< Of the thorax only isolated segments are preserved.  The axial
part is elevated: the pleurie are grooved (Cplevres o sillon” of Bar-
rande), and end in a backwardly directed spine.

“On the glabella the surface of the test shows fine hackwuardiy
directed ridges. which arve, however, xo tine that they are visible ouly
under the lens.  On the thickened margin they are also present. hnt
so much stronger that they can easily be shown in the figure. The
cheeks, even when highly muagnified, show nothing of the sort. hnt at
most a fine punctation, which, however. is mainly due to the strncture
of the test.”

Doctor Redlich compares this form with the genera 72otolenns,

vradorides, and Metatorides, hut does not note its close resemblance
to Zucauthoides of the Middle Cambrian fauna of Nevada.

In India the type species B, woctling/ oceurs near the summit of
the Cambrian series of formations.  In China £, wobilis occurs near
the base of the Man To formation, not far above the Archean complex.
L. chinensis 1s found in the central portions of the Man To forma-
tions. and 2. fiualis occurs nearly 1,000 feet or more higher in the
section near the top of the Chang Hsia formation.  This distribution
indicates that fedlielia is a Middle Cambrian genus: also that it may
be in the upper portion of the Lower Cambrian, but with our present
formation this is somewhat doubtful, as the fauna of the Man To
formation is not distinctly Lower Cambrian.

(fonotype.—Redliclhio noctling Redlich.

REDLICHIA CHINENSIS, new species.

This species ditters from Zedliclia noctling/, the type of the genus
from India. in its more conical glabella and smaller anterior lobe of
the glabella; otherwise the two forms are very much alike, ax tar as
can be determined by the present means of comparison. From
Loedlichia nobilis it differs in having a proportionately Tess evlindrical
glabella and much larger anterior fixed cheeks.



26 PROCEEDINGS OF THE NATIONAL MUSEUM. VOL. XXIX.

The stratigraphic range of the species is from the lower to the cen-
tral portions of the Man To formation.

Forniation and locality.—Lower Cambrian. Man To formation.
Bluish-gray shaly and thin-bedded limestone, south slope of Man To
Shan at Chang Hsia and 2 miles south, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

REDLICHIA FINALIS, new species.

This species is represented by one lperfect head, several free
cheeks. -and several long spines similar to those occurring with
L0, clinensis, which were probably attached to a segment of the
thovax as i Zucauthoides typicalis Waleott.  The fragment of the
head indicates an almost eylindrical ¢labella and elongate eye lobe;
the free cheek indicates a shorter anterior fixed cheek than that of
2. nobilis. The material representing this species is imperfeet, but
the fuct that it occurs near the top of the Chang Isia limestone, 1,000
or more feet above B chinensis and 2. nobdlis, ina strongly marked
Middle Cambrian fauna, makes it desivable to give the form a speeitic
nanie. [t probably approaches the type of the genus 2. noetling?
from India more closely than the other two species from China. :

Lormation and locality.—Middle Cambrian.  Lower portion of
Ku San formation.  Shaly limestone.  T'wo miles south-southeast of
Kao Chia Pu, Shangtung, China.

REDLICHIA NOBILIS, new species.

This species 15 closely related to Ledlichic noctlingl; it differs in
the form of the posterior segment of the glabella and the somewhat
less evlindrieal form of the glahella.

From Ledlichia c¢hinenses it differs i its less tapering glabella and
shorter anterior fixed eheeks.

As far as knowu. it oceurs only in the lower portion of the Man To
formation.

Formation and locality.—Lower Cambrian.  Man To formation,
in a hard bluish-gray limestone.  Southeast stope of Hu Lu Shan, 2§
miles south of Yen Chnang. Hsin Tai, Shangtung, China.

REDLICHIA, species undetermined.

A large free cheek and two thoraecie spines, mueh like those found
with 22 chiinensis, ave all that is known of this species.  The angle
of divergence of the lateral spine is much greater than in other species,
and the stratioraphic horizon iz higher in the section.

« Bull. U, X, Geol. Surv., No. 30, 1886, pl. xxv, fig. 2.
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Formation and locality.—Niddle Cambrian.  Shaly linestone in
upper portion of Ku San shale, 2.5 miles sonthwest of Yen Chuang,
Hxin Tai. Shangtung. China.

Collected hy Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

Genus OLENOIDES Meek.
OLENOIDES (?) CILIX, new species.

This species is tounded on a pygidinun that is semicircular in outline,
moderately convex, and with a spinose margin.  Axis moderately con-
vex, conical, with a broadly rounded posterior end. It is divided by
three clearly marvked, transverse. rounded furrows into a strong ante-
rior ring, next to the thorax, two moderately convex rings, and «
long terminal portion, which has a slight fourth depression. indicating
a fourth ring.  The posterior portion of the axis slopes rather rapidly
down to the margin,  Owing to an abrasion. the presence or absence
of the nodes nsnally present at the end of the axis can not be
determined.

Dorsal furrow rounded and shallow,

Plenral lobes flat for a short distance from the axis. and then
curve gently downward to the border.  They are marked by a deep
anterior furrow within the nwrrow. anterior. elevated margin and
three furrows that terminate at the margin.  The furrows outline
three rather broad, slightly convex segments and @ posterior area
opposite the postero-lateral angle of the axis.  The border is practi-
cally a continuation of the slope of the segnments and furrows of the
plewral lobe. 1t is murked opposite the segmeats hy five short.
backward-pointing, flat, broad spines, and diagonally opposite the
lateral angle of the axis by two long. strong, hackwavd-extending
spines.  In addition. there are two short spines with broad bases hack
of the axix between the two long spines.

Outer surface unknown, as the crust has been removed by abrasion
or solution.

The type and only specimen of the pyeidinm has a length of about
12 mim., with a width at the front margin of 19 mm.: the axis has a
length of abont % mun.. with a width in front of 6 mun. and at the
terminal secment of 3.5 mn.

This species is characterized by the two long posterior spines and
the short.backward-extending lateral spines: the latter spines arve
essentially of the type oceurring on the pyeidinm of /%ltwre and Fro-
topeltura, hut the general character of the pygidinm and spines relate
it to the group of trilobites here hronght together nnder the genera
Dorypyge, Dorypygella, Damesclla, and Olenordes.
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Formation and locality.  Middle Cambrian, in shales corresponding
to the Kn San shale formation; isolated hills 12 miles 8. S0- L. of Tat
An Fu, Shangtung, China.

Collected hy Elot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

Genus DORYPYGE Dames.
DORYPYGE BISPINOSA, new species.

This species 1s based on a pyeidinm having a strong, broad axis,
murow pleural lobes, and two long, strong spines that project
obliquely backward from the postero-lateral angle of the pygidinm.

The central axis has a length of 10 mm., with a width at the ante-
rior end of 6 mm. and at the posterior terminal lobe of 6 mm.,
narrowing slightly at the second and third rings: it is divided by
three shallow, rounded, transverse furrows into three slightly convex
rings and a terminal ring nearly as long as the two posterior rings;
there is also a narvow anterior ring that connected the pygidinm with
the thorax: the terminal ring is convex and slightly overhangs the
narein; @ node or shight swelling is indicated on each side of the
median line wherve the ring slopes abruptly down to the margin.

Dorsal furrew rounded and somewhat irregular.

Pleural lobes slightly narrower than the axis and arching from the
dorsal furrow directly down to the border; the lobes are divided by
three hroad furrows into an anterior, marginal, clevated rim and two
slightly concave segments: a third and posterior segment is indis-
tincetly outlined: the furrows and segments terminate within a slightly
thickened horder.  Three pairs of short spines occur on the border
opposite the two anterior segments and frontal rim of the pleural
lohe: opposite the faintly defined posterior segment there is a long,
strong spine, and from the space hetween the latter spine and where
the dorsal furrow intersects the horder there is another longer and
stronger spine that extends obliquely outward and backward.

The surface is marked by a few pustules that oceur on the elevated
portions of the rings of the axis and the pleural lobes: under a
strong lens the crust appears to be shightly roughened and apparently
minutely punctate.

Diniensions.—Length, 11 mm.; width at the anterior horder, 16

mm.; width of axis, 6 mm.: width of plenral lobe at anterior portion,
S mn. .
In general outline this pyeidium is somewhat like
that of Dorypyqge richthofeni Dames. 1t ditlers in the proportionately
broader axis, narrower pleural lobes, and the pair of strong spines at
the postero-lateral angle.

Observations.
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Formation and locality.—Middle Cambrian, central portion of
Chang Hsia formation. in hard, dove-eolored limestone: 2 miles south
of Yen Chuang, Hsin Tai, Shangtung., China.

Collected by Eliot Blackwelder. of the Carnegie Institution of
Washington Expedition to China.

Genus DORYPYGELLA, new genus.

This genus is founded on the heads and pyeidia of a trilobite
associated with Diuesella blackwdddery.

Diagnosis.—1ead transversely semicireular, with a truncato-conical
elabella, haviug a postero-lateral lobe in the dorsal furrow and a nar-
row frontal rim and horder, tixed cheeks medium to hroad, with rela-
tively laree, clevated, palpebral lobes; faelal sutnres, cutting the
anterior rim in front of the anterior base of the eve lobe. extend
inward and backward in a slieht outward curve to the eve lobe; aveh-
ing about the eye lobe they extend ontward and backward with a
sigmoid flexure, cutting the posterior rim within the postero-lateral
angle.

Associated pyeidia transversely semicireular, axis conical, with two
or more rings, marginal border spinose, with the anterior pair of
spines, in the type species. very strong.

It may be that some ot the pyeidia described under lepoides and
Dameselle belong to this genus, but with our present knowledge it
would be dittieult to identify them.

The genus is characterized hy the peculiar glabella. narrow frontal
margin, and spinose pygidiun. It is asswned that the pyeidia asso-
ciated with the heads belong to the genus, as there is no other associated
form to which they could be referred except /amesella blackclderi.
and from this the pygidium differs in its short conical axis and the
character of the spinose horder.

(renatype.— Dorypygella typicalis.

The species referred to the genus ave: Dorypygella typiculis Wal-
cott, Dorypyqgella aleon Waleott, Dorypygclla alastor Waleott.

DORYPYGELLA TYPICALIS, new species.

Head transversely semicircular, moderately convex.  Glabella
truncato-conical, with the sides converging gently to the rounded front:
three pairs of glabellar furrows are indieated by slight. short depres-
sions at the sides next to the dorsal furrow: hack of the posterior pair
of depressions a low rounded ridge extends out onto the fixed check,
forming a low, oval-shaped tubercle or lobe that ix apparently the
continunation of the postero-lateral lobe of the glabellu: a small pit
oceurs just back of it, from which the oceipital furrow starts: the
latter is shallow, clearly defined, and extends slightly backward and
then forward toward the center: occipital ring of medinm width at the
sides, broadening out to a somewhat tlat, rather strong. segment at the
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centers; dorsal furrow obscure, and interrupted hy the small lobe at
the postero-lateral angle of the glabella and hy the ocular ridge at its
antero-lateral angle.

Fixed cheeks about two-thivds the width of the central portion of
the glabella: they vise somewhat rapidly from the dorsal furrow to
the palpebral lobe, and slope gently back to the posterior furrow and
in front of the ocular ridge rather rapidly to the furrow within the
frontal rim: ocnlar ridges strone and rather prominent; they origi-
nate against the antero-lateral angle of the glabelia and extend
obliquely backward across the fixed check and merge into the rim of
the palpebral lobe: palpebral lohe clevated above the fixed cheek,
promirent, and about one-third the entire length of the head: a shal-
low groove extends from the thick. strong, broad, elevated rim down
to the fixed cheeks postero-lateral limb ahout as long from the dorsal
furrow to its extremity as the length of the glabella and oceipital ving;
a narrow furrow within the sharp posterior margin gives it an almost
concave form: frontal border transverse or slichtly incurved: it is
elevated, rounded, and separated from the front of the glahella by a
narrow sharply defined furrow that extends outward and slightly
forward between the rim and the tixed cheeks: it is nearly flat, hroad
at the center. narrowing toward the facial suture.

The associated tree cheelk is subrhomboidal in outline, with a narrow
rim that is slightly flattened in front, becoming more rounded toward
the posterior lateral angle, which has a short, sharp, backward-
extending spine: the body of the cheek is slightly convex, rising
broadly from the horder to the buse of the eve lobe; the posterior
border is short, heing cut a short distance within the postero-lateral
angle by the facial suture; facial sutures, cutting the frontal limb,
extend directly hackward, with a slight outward curve to the eye lobe,
around which they curve; back of the eye lobe the sutures continue
with a slight sigmoid flexure outward and backward, cutting the
posterior margin a short distance within the postero-lateral angle.

The associated pyeidium, which is referred to this species. is trans-
versely semiciveular, with a short, conical, convex axis.  The axis
is divided by two narrow. shallow, transverse furrows into two ante-
rior segments and a terminal segnient about as long as the two anterior
segments.  Pleural lobes depressed. nearly tlat for a short distance.
and then sloping gently down to a narrow. tlattened margin: they are
marked by three shallow furrows. which separate a strong. anterior,
narrow, elevated vim. two slightly convex segments. and a posterior
segment at the end of the axis: the furrows and segments stop at the
line of the flattened margin, with the exception of the anterior elevated
rini, which continues across the margin, and is extended into a strong
spine that curves ontward and backward: the border is narrow, slightly
Hattened and transverse. but somewhat incurved posteriorly: it has
four or more short, broad. backward-extending spines.
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The surface of the central portions of the head is apparently smooth
under a strong lens, with the exception of a few scattered, depressed
tubereles: the free cheeks have a few irvegular, raised. inosculating
lines extending from the base of the eve ontward towavd the rim: the
surface of the associated pygidinm appears to have a few very minute
tubereles that can be seen only with the aid of a strong lens.

Obsereations.—The transverse front of the head of this species sug-
gests the head of Conocephulites frequens Dames, but the glabefla is
entirely different in form. 1t differs from Dorypygella alcon and
D. alustor Walcott hy the narrower free cheeks and glabella, and the
form of the frontal vim. )

Foriation aud locality.—Middle Cambrian.  In gray. crystailine
limestone; 3.25 miles southwest of Yen Chuang, Hsin Tai. Shanetune,
China.

Collected by Eliot Blackwelder. of the Carncgic Institution of
Washington Expedition to China.

DORYPYGELLA ALASTOR, new species.

This species is represented by a single specimen of the eentral por-
tions of a moderately convex head and several associated pyeidia that
oceur at the same horizon as Dorypygdlla alcon.

Head, as indicated by the specimen, transversely semiciveular and
moderately convex.  Glabella hroadly truncato-counical, narrowing to
the gently rounded front; two pairs of narrow, short furrows extend
obligquely inward and backward; the posterior pair outline a rather large
postero-lateral lobe. which isx confluent with an oval-shaped lohe that
interrupts the dorsal furrow and on one side merges into the fixed
cheek: a second pair of furrows outlines a small, narrow lobe that is
scarcely separated from the fixed cheek by the dorsal furrow: oceipi-
tal furrow narrow. transverse: oceipital ring broken away: dorsal tur-
row slightly outlined in front and at the antevior lateral angles of the
glabella, and practically nonexistent back of that at the sides, owing to
interruption by the merging of the lobes of the glabella, and the fixed
cheeks.

Fixed checks nearly as wide as the anterior portion of the glabella,
interrupted by strong, low. ocular ridges that originate at the anterior
lateral angle of the glabella and extend obliquely outward and baclk-
ward to the palpebral lobe: palpebral lobes large, about one-half the
tength of the head, and risxing abrnptly from the nearly tlat, fixed check:
their outer margin iz broad, rounded, elevated. semicireular. with a
deep groove sloping down to the fixed cheek: frontal limb very nar-
row, merely a rounded ridge between the glabella and the flat frontal
rim: to the sides it merges into the strong ocular ridge and downward
slope of the fixed check in front of the ridge:; frontal vim narrow.
nearly flat, and rising to the slichtly rounded marein.
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Surfiace apparently smooth with the exception of a few small, scat-
tered pustules on the glabella.

At this same locality and horizon, and in limestone of the same
character but not in the same hand specimen, there is a number of
pyeidia which appear to possess characteristies distinet from those of
any deseribed speeies, and which have been referved to /2. alastor.
They are of the same type as those that have been veferred to 2. typi-
calis.  They are transversely semicircular in form, exclusive of the
spines on the border.  Axis elongate conical, convex, divided by five
shallow furrows into five transverse, very slightly convex rings, and
a terminal section a little longer than the greatest width of any ring:
the terminal section ends somewhat abruptly and slopes rapidly down-
ward to the nurgin: it is marked at the point where it slopes down-
ward by asmall node each side of the eenter.  Dorsal furrow very slight,
as the pleural lobes are nearly flat but slightly convex before reaching
the margin; the plenral lobes are divided by five shallow furrows into
a narrow frontal rim or segment and a posterior obscure segment; the
furrows and segments, with the exception of the anterior furrow and
segment, terminate at the inner margin of the border; the anterior
furrow crosses the border, and the anterior segment is continued out
across the horder, merging into the anterior spine. Border flat, dis-
tinetly defined except opposite the anterior segment. and hordered
with a series of marginal spines: these include a long anterior spine,
which is a continuation of the anterior margin and a part of the first
segment; back of this there are four pairs of short spines which may
be considered in a general way as opposite the four anterior segments:
the sixth pair of spines projeet backward; they are long, broad, flat,
and opposite the obseure terminal segment of the pleural lobe: hetween
the two large spines, opposite the dorsal furrow at the side of the axis,
are two short spines; all of the spines are more or less flat and merge
directly into the flat border with the exception of the two anterior,
which are connected with the anterior segment and frontal rim.

The surface of the rings and segments is marked by minute granules;
otherwise it appears to be smooth under a strong lens.

A specimen 7 mm. in length has a width of 12 mm., exclusive of the
spines; axis 3 mm. in width in front, 1.75 mm. at the posterior end;
pleural lobe back of the first segment 3 mm. in width.

This species is characterized by the absence of a frontal limb on the
head. and the pygidinm differs from that of Dorypygella typicalis in
having a narrow axis. broad, flat margin, and in the arrangement of
the spines of the border.

Formation  and  locality.—Middle Cambrian, central portion of
Chang Hsia formation, in hard, gray. fine-grained limestone: 3.25
miles southwest of Yen Chuang., Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegic Institution of
Washington Expedition to China.
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DORYPYGELLA ALCON, new species.

This species is represented hy a single, somewhat imperfect speci-
men of the central portions of the head.

Glabella broadly truncato-conical, its width at the base and its length
being the same: a pair of short, shallow. posterior furrows oceur,
which outline a postero-lateral lobe that extends out into and crosses
the dorsal furrow: a second pair of furrows is very slichtly indicated
a short distance in advance of the posterior pair; back of the postero-
lateral lobe there is a decp, sharp, narrow furrow on the slope into
the occipital furrow; occipital furrow strongly detined, shallow near
the center, and deeper laterally; occipital ring unknown; dorsal furrow
well detined at the sides in front of the postero-lateral lohe.

Fixed checks abont as broad as the glabella: they rise rather
rapidly from the dorsal turrow to a height slightly gveater than that
of the glabella, and slope gently backward to the posterior furrow and
rather abruptly downward in front of the ocular ridges: ocular vidges
broad and rounded: they originate opposite the glabella, somewhat
interrupt the dorsal furrow. and extend outward subparallel to the
frontal margin of the head to the palpebral lobe: palpebral lobes
broken away. but from the configuration of the hroken part of the
fixed cheek they appear to have heen nearly one-half the length of
the bead and placed on the most elevated portion of the cheek: trontal
rim narrow and neavly Hat. transverse. and sloping upward from in
front of the glabella and the fixed cheeks.

One of the peculiarities of this head is the blending of the ocular
ridge and the downward slope of the fixed cheek, so that it appears to
be a strong ridge just back of the frontal rim: another peculiarity is
the interruption of the dorsal furrow by the ocular ridges and the
postero-lateral lobes of the ¢labelta.

The inner surface of the crust is minutely punctate, as shown by
the minute papillee on the cast; this may indicate that the outer
surface was finely granulose.

Length of the head, exclusive of the occipital ring, of the type and
only specimen, is 6 mm., with a width near the edge of the palpebral
lobes of 10 mm.

This species iz distinguished from /). fypicalis by its broader
glabella and fixed cheeks and npward slopiug frontal rim, and from
D). alastor by the absence of a frontal Inub and the character of the
lobes of the glabella.  The pygidia, which arve veferved to . wlustor,
may possibly belong to /). «lcon; but from the fact that they arve
evidently from a different bed of linestone, and that there are no
specimens of the head associated with the pyeidia, I do not think it
best to include them under this species. especially as the head of /.
alastor and the pygidia appear to be tfrom the same bed of limestone.

Proe. N. M. vol. xxix—06——3
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Lloriwation  and locality.—Middle Cambrian, central portion of
Chang Hsia formation, in hard, gray, fine-grained limestone; 3.25
miles southvrest of Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of

Washington Expedition to China.
Genus DAMESELLA, new genus.

Diagnosis.—General form elongate, ovate, distincetly trilobate, mod-
erately convex. Iead transversely semicircular, with the postero-
lateral angles rounded or spiniferous: the anterior and lateral margins
have a thickened or elevated border, within which there is a well-
marked furrow. Glabella truncato-conical, marked with two or more
pairs of short furrows; occipital furrow strongly defined; occipital
ring rounded. Fixed checks rather broad. Free cheeks subtriangu-
Jar in outline, rising with a gentle curvature to the base of the eye
lobe; the border is extended into a lateral spine a short distanee in
advance of where it is cut by the facial suture. Facial suture, cutting
the anterior border nearly opposite the base of the inmer margin of
the palpebral lobe, extends with slight curvature backward to the
palpebral lobe; curving about the latter it extends outward and back-
ward, cutting the posterior margin a little in front of the rounded
postero-lateral angle.  Eyes small, elevated, and sitnated about mid-
way of the glabella.

Hypostoma sub-rhomboidal in outline; central portion strongly
convex, elevated, with an irregular border at the back and sides,
broadening out in front to a greater width than at the back.

Thorax with twelve or more transverse segments; axis about one-
third the width of the thorax, gradually narrowing posteriorly.
Pleurae nearly horizontal, at right angles to the axis out to the point
where they cuvre gently backward before terminating in a falcate
extremity; pleural groove long, deep, and broad, starting at the dorsal
furrow near the front and extending out on the faleate end.

Pygidium sub-semicircular; axis convex, broadly conical, and divided
into four or more rings by transverse furrows; lateral lobes depressed,
convex, and divided by furrows into four or more segments; border
rounded, and bearing five or more spines on each side.

Surface in the type species granulose.

This genus differs from Dorypyge, with which it appears to be most
nearly related, in the character of the head; as far as known the tho-
rax and pygidium are essentially of the same type, as far as fragments
of Dorypyge can be compared with Damesella. The pygidium of
Damesella is of essentially the same type as that of Olenoides, and the
pleural lobes of the thoracic segments are also of the same type: but
the thorax of Dlenoides has eight segments and a strong median spine
on the axis, while the thorax of Damesella has twelve or more seg-
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ments and is without a median spine; from what is known of the head
of Olenoides it is probably the saume as that of Dorypyge.

(Penotype.— Dawesella blackwelderi Waleott.

The species referred to the genus arve: Dauwesella blackwelders Wal-
cott, /). bellagranulata Waleott, D). hrevicaudata Walcott, 1. clion:
Walcott, /). sinensés Bevgeron= Diclloceplalus 2 sinensis Bergeron.

The genus Dinesus Etheridge, jr.,* appears to be more ncarly
related to Dorypyge Dames than to Dawescdla ov Dorypygello \Wal-
cott. lts marked characteristics are: the clongate oval glabella, with
the small, distinct antero-lateral and postero-lateral lobes; the small
palpebral lobes; and the large pygidinm with a spinose border.  Only
one xpeeies is known—— /¥ nesus (o Etheridge, jr.

Under the definition of Proparia, Dr. C. E. Beecher gives as an
ordinal character ** IF'ree checks not bearing the genal angles,”™? and
under Opisthoparia he said = Free checks generally separate, always
bearing the genal angles.™  In Dumesclla the facial suture cuts the
postero-lateral margin outside of the genal angle, so as to leave the
genal angle on the fixed checks and at the same tiine the spine corre-
sponding to the genal spine in other genera of the order Proparia on
the free cheek. In other characters Dwuesdlla belongs with the Pro-
paria, and I think that the definitions of the orders Proparia and Opis-
thoparia need to be modified in relation to the exeeption made by
Damesella in the position of the genal angle on the fixed cheek.

DAMESELLA BLACKWELDERI, new species.

General form ovate, moderately convex: distinetly tritobed, the
central axis rather strongly convex, and the pleural lobes more or less
flattencd.

Head transversely semicireular; frontal margin ronnded and narrow
in young individuals, Dhecoming broader and more flattened with
inerease in size: it continues around the sides and the postero-lateral
angle to unite with the narrowing posterior margin. A\ postero-
lateral spine projects backward and slightly outward from a point on
the margin a little in advance of the postero-lateral angle.

Glabella large, truncato-conical in outline, and marked by three
pairs of short furrows: the posterior pair of furrows form a rounded
pit near the margin and continue obliquely outward as a shallow fur-
row to the central third of the glabella. separating a short. rounded
lobe on cach side; the middle pair of furrows are short and very lightly
impressed: the anterior pair of furrows are indicated by a short,
smooth, narrow space at the anterior fourth of the glabella; oceipital
furrow of medium width, rounded at the bottom and rather deep: it

@ Proc. Roy. Soc. Victoria, VIIL, n. ser., 1396, p. 56, pl. 1, figs. 1-5.
b Am. Jour. Sei., I, 1897, p. 198.
¢Idem, p. 187.
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curves backward shightly at the sides and then arches gently forward
at the middle: oceipital ring of medium width, curving slightly back-
ward at the ends and forward at the center, rounded on top; dorsal
furrow strongly marked all about the glabella, and passing posteriorly
into a narrow but well-detined furrow within the posterior margin of
the postero-lateral limby; the front of the glabella almost overhangs a
strong furrow within the frontal border that separates the frontal
border from the fixed checks; trontal horder or rim strong, rounded,
and arching slightly upward in tfront of the glabella.

Fixed cheeks a little more than one-half the width of the glabella.
They slope gently back to the furrow on the postero-lateral limb and
rather rapidly downward in front of the palpebral lobe to the furrow
within the frontal border. A clearly defined, low, rounded ocular ridge
extends opposite the anterior fourth of the glabella to the palpebral
lobe, into the rim of which it merges; postero-lateral limh about one
and one-third times as long as the width of the glabella at its base, and
back of the palpebral lobe about one-third the length of the head;
palpebral lobe a little less than one-third the length of the head, ele-
vated at the outer rim, and rather narrow.

The factal sutures eut through the rounded frontal margin of the
head obliquely and around backward, passing almost direetly to the
anterior margin of the palpebral lobe; curving around the rather
small eye lobe, they pass obliquely outward and backward, cutting
the border of the head a little in advance of the postero-lateral angle.

Free cheeks roughly subtriangular, with the outer margin bordered
by a thickened, rounded rim, which gradually increases in width to
the haxe of the long postero-lateral spine.  Back of the spine to the
facial suture the border narrows rapidly. The body of the cheek
rises at a uniform slope to the base of the eye lobe.

Thorax with a convex axis that narrows gradually from the anterior
segment, where the width is 15 min., to the twelfth segment, where it
s 12 mm.  One specimen preserves twelve segments, with the pygi-
dium, and it may be that other segnients are broken off.  The segments
are nearly transverse. except at the geniculation on the pleural lobes,
where the faleate extremities bend slightly backward; pleural lobes
flattened three-fourths of the distance out. where they curve slightly
downward to_the extremities of the pleurac: pleural groove occupying
nearly the entire width of the pleura, except near the axis, where it
narrows toward the front margin. At the outer extremity it fades
out where the pleura curves outward and backward. There is some
difference in the strength and width of the plenral groove in ditterent
speciniens.  In some it has practically the same width from the axis
out to its extremity, while in others it is narrow toward the axis and
not quite as hroad through the central portions.

Pygidinm large, semicivcular; axial lobe divided by four well-
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detined transverse furrows, that arch slightly forward, into four
moderately convex rings and a somewhat elevated terminal portion
which has the appearance of a thickened ring, with a strong node on
cach side of the center and a slightly defined furrow on its front slope:
the terminal ring slopes rapidly downward to the border: lateral
fobes broad. slightly convex, and marked by a narrow anterior ring.
which joins the thorax. and four strong, rather broad furrows that
separate three rings and a broad. ohscure terminal ring; two obscure
ridges run down the posterior slope of the central axis from the two
nodes upon the posterior end of the central axis and terminate in
spines on the horder: each of the rings of the pleural lohe, including
the anterior border, terminates in a long, slender spine, that of the
anterior border being much longer than the others: this arrangement
gives five spines on each side of the axis and two spines hack of the
axis; the horder is rounded and much interrapted by the strong spines
extending out from it.

Surface of the crust minntely punctate under a strong lens, and
marked by strong pustules, nore or less irregularly arranged on the
surface, except in the furrows: on the segments of the thorax the pus-
tules are arranged on the front and back margins of the plenra and
~on the higher portions of the rings on the axis; on the pygidium the
pustules oceur on the elevated rings and somewhat irregularly on
the pleural lobes. but not on the spines.  On some portions of the
surface, under a very strong lens. there appears to be an irregular,
inosculating, elevated series of lines or strie interrupting the surface,
leaving minute depressions or puncta between them.

The portion of the thorax preserving twelve segments has a length
of 50 mm., with a width at the anterior end of the axis of 16 mu., and
on the pleural lohes of 24 mm.: the head of this specimen has a length
of 26 mm. and a width of 64 mm., exclusive of the postero-lateral
spines.

Observations.—The pygidinm of this species is not unlike that of
Olenoides [eblanei Bergeron,® from China, but it difers in the more
depressed axis and in the character of the spines on the horder.  This
conelusion is given after an examination of the figures of M. Bergeron
and a comparison of specimens which have been identitied asx Oleno/des
leblunes from the Ku San shale formation, 2.5 miles southwest of Yen
Chuang, Hsin Tai, Shangtung, China, which appears to he the horizon
from which the varions species desceribed by M. Bergeron were
obtained.  From Olenoides niarconi the pyeidium of Danesclla black-
welderd differs in the same manner as from O. leblane/. From Dory-
pyge slatskowski? Fr. Schmidg,? it differs in the character of the head
and the general shape of the pyeidium and its spinose border. From

« Bull. Soe. Géol. de France, 3d ser., XX VI, 1899, p. 46.
b Mém. Acad. Imp. Sci. St.-Pétersbourg, Sth ser., VIII, No. 10, p. 33, pl. i1, figs. 1-10.
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Olenoides dubia and Dorypyqgella alastor it differs in the slender axis
and spinose horder of the pyeidium.

This ix one of the finest of the trilobites collected hy Mr. Black-
welder: and owing to the fact that there is a number of specimens of
the head and pygidium, and one specimen preserving the head attached
to twelve segments of the thorax, it is possible to separate it from the
genera Dorypyqge and Olenoides and to establish a generic type, the
specimens of which have hitherto been confused with Dorypyge. 1t
is not impossible that an entire specimen of lenoides leblanci would
prove that species to helong to the genus Damesella.

Pormation and locality.—Middle Cambrian; central portion of
Chang Hsia formation, in gray limestone, 3.25 miles and 6 miles south-
west of Yen Chuang, Hsin Tai. In talus, in dark limestone; 2.8 miles
and 6 miles southwest, and 2 miles south of Yen Chuang, Hsin Tat,
Shangtung, China.

The stratigraphie range given this species is based upon the com-
parison of specimens that appear to be identical.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

DAMESELLA BELLAGRANULATA, new species.

This species is represented by the central portions of the head,
exclusive of the free cheeks.  These parts indicate that the head was
transversely semicircular and moderately convex.

Gilabella truncato-conical, moderately convex, and marked by two
pairs of very faintly indicated short furrows; occipital furrow nar-
row, transverse, clearly defined; oceipital ring of moderate width and
slightly convex; dorsal furrow clearly defined on the sides of the
clabella; frontal horder narrow, rounded.

Fixed checks of nearly the same width as the glabella opposite the
palpebral lobes; they slope up very slightly from the dorsal furrow
to the palpebral lobe, and gently backward to the slight furrow within
the posterior margin: to the front they curve down rather rapidly to
the frontal border: ocular ridge narrow and faintly detined; palpebral
lobe a little more than one-fourth the length of the head, rising some-
what abraptly from the plane of the fixed cheeks; postero-lateral
limb from the dorsal furrow to its extremity about the same length as
the width of the ¢labella at its base; it is marked by a shallow, nar-
row furrow some distance within the posterior margin.

The surface is ornamented by rvather large, closely arranged
pustules that cover the glabella and fixed cheeks; the pustules are
larger on the occipital segment and its extension on the postero-lateral
limbs and on the frontal horder: larger pustules arve also scattered on
the back portion of the head near the dorsal furrow.  Over the spaces
hetween the Targer pustules and on the pustules there is a minute



No. 1415, CAMBRIAN FAUNAS OF CHINA—WALCOTT. 39

eranulation that gives a very highly ornamented surface under a
strong lens.

The type and only spectmen of the head in the collection has a
length of 12 mm., of which the glabella occupies 9 mm.; the width at
the ontside of the palpebral lobes is 17 mm., and at the ocular ridges
5.5 1.

The head of this species is much tike that of Damesclla blackivelders
in general form, but it differs in the elevated cye lobes and the pecu-
liarly ornamented pustulose surface.

Lormation  and locality.—Middle Cambrian, central portion of
Chang Hsia formation, in a gray slabby limestone; 6 miles southwest
of Yen Chuang, Hsin Tai, Shangtung, China. ‘

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

DAMESELLA BREVICAUDATA, new species.

This speeies is based upon a pygidium that is transversely semicir-
cular in shape, with a short, strong, convex axis.  The axis is marked
by two anterior transverse furrows and a very shallow posterior
furrow, that divide the axis into an antertor ring, that joined the
thorax, two faintly defined rings, and a rounded terminal section; the
axis rounds down abruptly at its broad posterior end. passing into the
margin.

The dorsal furrow is narrow and clearly defined on each side of the
axis.

Plenral lobes flat for a very short distance, and then rounding down-
ward to the border; each lobe is mariked by an anterior, deep, narrow
tfurrow within the margin, and four strong furrows terminate within
the border: they divide the lobes into four elevated segments that
merge into the irregular border: from the horder fourteen spines
project; the anterior spines appear to be the continuation of the
anterior elevated margin of the pygidium and the first seement; the
second, third, fourth, and fifth spines are opposite the furrows
hetween the segments, and do not appear to be the direct continuation
of the segments, although a low ridge from ecach segment crosses the
margin obliquely to them; two spines project back of the axis. and
one on each side opposite the dorsal furrow on the side of the axis.

Surface marked by an irregular row of rather large tubereles on
the rings of the axis and anchylosed segments of the pleural lobes;
nnder a very strong lens the surface appears to be slichtly roughened
or minutely punctate.

Dimensions.—Length, 7 mm.; width in front of border, exclusive
of spines, 16 mm.; width of axis at anterior margin, 5 mm.

Observations.—This species is characterized by its short, wide,
convex, central axis, relatively narrow pleural lobes, and very strong
spinose border. It ditfers from Dorypyye richthofer: Dames in its
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short. broad axis and the character of the pleural lobes and spinose
border.

Lormation and locality.—Middle Cammbrian; upper portion ot Chang
Hsia formation. in hard gray limestone: Chang Hsia, Shangtung,
China.

DAMESELLA CHIONE, new species.

Of this species there are several well-preserved central portions of
the head, free checks. and pygidia.

The head is transversely semicirenlar, moderately convex. Glabella
convex, truncato-conical, rounded in front; the length is slightly
greater than the width at the hase; a posterior pair of glabellar fur-
rows extends inward and obliquely backward a short distance. so as to
outline a small, oval, slightly convex lohe at the postero-lateral angles,
a sccond pair of very slightly impressed short glabellar furrows occurs
about one-half way between the posterior furrows and the front;
occipital furrow narrow, transverse, clearly detined: occipital ring
narrow at the sides, inereasing in width toward the center, slightly
convex and a little elevated at the back; dorsal furrow narrow and
distinet.

Fixed cheeks about one-half the width of the glabella at the hase
and moderately convex; they round up from the dorsal furrow and
are nearly flat out to the palpebral lobe, back of the line of which
they slope gently to the furrow of the postero-lateral limb and in
tront more abruptly to the furrow within the front margin; palpebral
tobe a little more than one-third the length of the head. narrow, dis-
tinet, but not rising above the general level of the fixed check: ocular
ridge indicated only by a very narrow, smooth line between the ante-
rior end of the palpebral lobe and the dorsal furrow; postero-lateral
limb narrow, and extending out a considerable distance to a rather
blunt. rounded end; front margin of the head badly preserved; it
appears to have been short, rounded, and separated trom the glabella
and fixed cheeks by a narrow furrow.

Free cheeks subtriangular in outline, with a distinct, narrow, slightly
elevated horder and a sharp postero-lateral spine; from the base of the
spine an inner flattened horder originates and narrows to a point helow
the front of the eye lobe; it is defined by a narrow turrow within the
sharp rim and the furrow between it and the central portion of the
cheek; it is marked by granules in the same manner as the body of
the cheek: the narrowing and disappearance of the flat horder, leaving
only the narrow rim at the facial suture, indicates that the border in
front of the fixed cheeks of the glabella was very narrow; body of the
check moderately convex, rounding up from the turrow at its base to
the base of the strong eye lobe: the facial sutare extends with a slightly
sigmoid curve from the posterior hase of the eye lobe outward and
backward to the furrow within the rather broad posterior margin of
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the free lmov ko it tlwlc cuts directly across the lobe, leaving a short
portion of the broad margin extending obliquely forward and outward
to the hase of the postero-lateral spine; in front of the palpebral lohe the
facial suture extends forward and slightly outward to the front margin.

There are several specimens of an hypostoma associated with the
species that appear to belong to it.  The central portion is convex,
suhovate, and crossed toward the front by a strong furrow subparallel
to the rounded front margin; a narrow rim .\111‘1(){111(1.\ the front and
expauds into two car-like flattened projections opposite the strong fur-
row crossing the central portion; the margin then contracts so as to
leave a narrow, rounded rim opposite the convex portion of the pos-
terior part of the central body: it then expands so as to form a
subtriangular limh on each side at the postero-lateral angles of the
hypostoma.  This hypostoma is of the same type as that of Dawiesella
blaclwdlderi.

The associated pygidinm is transversely semicirenlar, with a spinose
margin and convex conical axis. The axis is divided into five rings
and a subtriangular terminal portion by five transverse furrows: the
two anterior rings are rather convex, while the three posterior are hut
slightly defined by shallow. narrow, transverse furrows. The plenral
lobex are slightly convex out to the geniculation, where the slope is
somewhat abruptly downward to the end of the faleate termination of
the segment outlined on the lohe: the furrows crossing the axis extend
outon the plenral lobes, 20 as to define a narrow anterior segment and
four posterior segments and a central portion extending down from
the axis; each of the segments terminates in a faleate, backward-cury-
ing, short, flat spine, of which there are six on each side, one for cach
of the segments and two back of the axis; there does not appear to he
any clear indication of a border, as the space is occupied entirely by
the segments and their falcate ends.

The surtace of the glabella, fixed cheeks. free cheeks. and occipital
ring is marked by numerous, rather closely set, depressed pustules,
hetween and on which there are very fine punctwe, as determined by a
strong lens.  The surface of the pygidium is marked by strong pus-
tules or granules that arve thickly set on the segments but not on the
furrows.  There appears to be considerable difference in the strength
and size of the grannles on different specimens.  This may be simply
a matter of the state of preservation, or the amount of wear to which
the erust has been subjected, or it may indicate a variety or even a
different species.

A head 3 mm. in length has a width of 5 mm. at the exterior of the
palpebral lobes, and a width at the base of the glabella of 2 mm.

Obscrvations.—The pyegidinm illustrated by M. Bergeron and named
Diccllocophalns 2 sinensis,® which oceurs at this same stratigraphic

« Bull. \oc (u‘nl ‘Ic France, 5d ser., XXVII, 1899, p. 48,
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horizon in China appears to resemble more closely than any other
form the pygidium of this species.  As illustrated and deseribed by
M. Bergeron it ditfers from Dainesella chione in its shorter axis, five
instead of six spines on the margin, and a smooth instead of granulose
surface.  Damesellu clione has a head of essentially the same type as
that of 7). bluckivclderi; but the pygidium differs in having its anchy-
losed segments extending out directly across the border into the falcate
spinose ends, instead of stopping within the border and having spines
representing the extension of the segnients extending outward from
the bhorder.

Specimens of Drepanura Bergeron and . lynostus dowrillei Bergeron
are associated with Damesclla chione, and Ptychoparia ceus Walcott
and Shangtungia spinifera Waleott oceur at the same horizon and in
many instances on the same hand specimen with 2. c¢hione.

Formation and locality.—Middle Cambrian, Ku San shale forma-
tion: 2.5 miles southwest of Yen Chuang, Hsin Tai, and in isolated
hills 12 miles S. 30- K. of Tai An Fu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

Genus AGRAULOS Corda.
AGRAULOS ABARIS, new species.

Gilabella and fixed cheeks convex, subrhomboidal in outline and
strongly rounded in front.  Glabella moderately convex; sides slightly
converging; front broadly rounded; surface marked by three short
and very slightly impressed furrows: oceipital furrow shallow and
arching slightly forward at the center.  Occipital ring narrow at the
sides, gradually increasing in width to the broad base and a strong
oceipital spine.

Fixed cheeks slightly convex, about half the width of the glahella;
between the glabella and palpebral lobes the cheeks are almost flat;
posteriorly they slope rapidly downward to the short postero-lateral
limbs; in front they also slope rapidly downward and merge into the
frontal limb: palpebral lobes small; ocular ridges narrow and faintly
detined: frontal limb slightly prominent at the central portions, where
it merges into the rounded frontal rim. the line of demarcation
hetween the two being very slightly defined: at the sides the frontal
rim narrows and is elevated above the lateral extension of the frontal
limh: dorsal furrows very distinetly defined.

Surface apparently smooth under a strong lens, with the exception
of very indistinet irregular lines that radiate from the front of the
clabella outward across the frontal limb.

The one specimen of this species in the collection has a length of
5 wm. exclusive of the oceipital spine.  The width at the palpebral
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lobes 1s 5 nun.  This species is clearly sepavated from other forms by
its strongly detined glabella and prominent limb, which is formed by
the union of the true limb and the frontal margin.

Formation and locality.—Lower portion of Chang Ilsia formation
near base of oolitie limestone. Yen Chuang. Hsin Tai, Shangtung,
China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

AGRAULOS ABROTA, new species.

This species is represented by several small heads exclusive of the
fixed checks. It is closely related to .lgrawlos dryas but differs from
it in the greater width, stronger convexity of the glabella and greater
downward slope of the frontal margin. The surface is also more
minutely punctate then that of lyrawlos dryas.  Largest specimen is
a little less than 3 mm. in length.

Lormation and locality.—Middle Cambrian. Lower portion of
Chang Hsia limestone.  In gray oolitic limestone, Chang Hsia, Shang-
tung. China.

Colleeted by Eliot Blackwelder, Carnegie Institution of Washington
Expedition to China.

AGRAULOS ACALLE, new species.

Central portions of head, exclusive of free cheeks, moderately con-
vex. Glabella truncato-eonical, convex, short, scarcely more than
one-half the length of the head, and without traces of furrows: oceipi-
tal furrow not mach move than a depressed line; occipital ring broad,
almost subtriangular in outline, and rising at the center to a small
node.

Fixed cheeks about as wide as the glabella, strongly convex, and
merging into a frontal limb of about equal width and eonvexity: pal-
pebral lobe minute, situated opposite the central portious of the gla-
bella; postero-lateral limbs short and marked by a narrow furrow
parallel to the margin.

Surface smooth under astrong lens.  The heads vary in length from
3 to 4 mm. A specimen 3 mun in length has a width of 2.5 mn. at
the palpebral lobes.

Formation and locality.—Middle Cambrian. In gray erystalline
limestone, 3.25 miles southwest of Yen Chuang, 1sin Tai, Shangtung.
China.

Colleeted by Eliot Blackwelder, of the Carnegic Institution of
Washington Expedition to China.



44 PROCEEDINGS OF THE NATION AL MUSEUM. VOL. XXIX,

AGRAULOS AGENOR, new species.

Glabella slightly truncato-conieal, strongly convex: occipital furrow
rounded, clearly defined; oecipital ring slightly convex, subtriangular
in outline, narrow at the sides and hroadening out to an obtuse spine
behind: dorsal furrow narrow and clearly defined.

Fixed cheeks about one-half the width of the glabella, convex,
rising from the dorsal furrow and arching down to a small palpebral
lobe: the fixed cheeks slope rapidly backward to a short postero-
lateral limb, and anteriorly to a rather broad, very slightly convex
frontal limh: a rather deep, narrow furrow occurs within the elevated
margin of the postero-lateral limb.

Surface minutely punctate nnder a strong magnifier, the puncta
formed apparently by an irregular network of elevated lines. The
only specimen of the head representing this species has a length of
2.5 mm. -

Formation and locality.—Middle Cambrian, Chang Hsia formation,
about 50 feet below the Ku San formation, in conglomeratoid lime-
stone.  Chang Hsia, Shangtung, China.

Colleeted by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

.

AGRAULOS DIRCE, new species.

This species is represented by the central portions of the head.
exclusive of the fixed cheeks.  The surface is depressed, convex, with
the glabella rising hut little above the general surface at the front, and
but moderately convex at the base.

Glabella truneato-conical, indistinetly defined from the frontal rim
and at its base from the occipital ring; without traces of furrows:
occipital furrow indicated only by the very slight convexity of the
occipital ring.

Fixed cheeks about three-fourths of the width of the glabella; pos-
teriorly they merge into the short postero-laterat limbs and toward
the front into the broad, gently convex, frontal limb, which continues
uninterruptedly to the anterior margin of the head; palpebral lobes
small: ocular ridges indicated by a dropping down of the fixed cheel
at the place where the ridges usually oceur.

This species recalls the general form of Agrawlos strenuuns Billings:
it differs in being less econvex, in its broader fixed cheek and short
oceipital ring. 1t also differs in its wider fixed cheeks from Adgraulos
dolon, which ocenrs at abont the same geologic horizon.

The largest head in the collection has a length of 11 mm. and the
same width at the palpebral lobes.
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Lormation and locality.—Middle Cambrian.  Lower portion of
Chang Hsia formation near base of oolitic limestone: 2 miles north-
northeast of Hsin Tai Hsien, Shangtung, China.

Collected hy Eliot Blackwelder, of the Carnegic Institution of
Washington Expedition to China.

AGRAULOS DIVI, new species.

This species is represented by portions of the central parts of the
head. The glabella i convex, truncato-conical in outline, the width
at the base and the length being the same; three pairs of elabellar
furrows are very slightly indicated; occipital furrow shallow and
broad; oceipital ring narrow at the sides, gradually widening toward
the center, very slightly convex, and without an occipital spine.

Fixed cheeks about as wide as the front end of the ¢labella and
nearly flat opposite the palpebral lobes: posteriorly they slope slightly
into a strong groove parallel to the posterior margin, and in front the
slope is slight down to a broad, slightly indicated, transverse furrow.

Palpebral lobes unknown, only a trace of the ocular videe is shown;
frontal limb convex, broad, and extending to the frontal margin with-
out any trace of a line of demarcation between it and the frontal rim;
a broad, shallow, transverse furrow extends in front of the glabella
and outward across the checks below and in front of the ocular ridges:
dorsal furrow broad and shallow: snrfuce finely papillose under a
strong lens.  The largest head of the collection has a length of 9 mm.

This species is characterized by its short ¢labella, broad dorsal fur-
row, transverse furrow in front of the glabella, and strong frontal limb.

Lormation and locality.—Middle Cambrian.  Either base of Chang
Hsia formation or in passage beds hetween the Man To formation and
the Chang Ilsia formation: 3.2 wiles southwest of Yen Chuang, Hsin
Tai, Shangtung, China.

Collected by Eliot Blackwelder, ot the Carnegie Institution of
Washington Expedition to China.

AGRAULOS DOLON, new species.

This species is represented by the central portion of the head. exelu-
sive of the free checks. The glabella and fixed cheeks are convex,
somewhat rhomboidal in outline; glabella convex, narrowing slightly
toward the broadly rounded frontal margin: posteriorly it is separated
from the occipital ring by a very faint, narrow furrow: there are no
traces of glabellar furrows; occipital ring strong, and merged into the
broad, subtriangular base of a strong. short spine: dorsal furrows shal-
low, but suthiciently strong to mark the line of demarcation hetween
the glabella, fixed checks, and frontal Iimb.
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Fixed cheeks a little more than half the width of the glabela, rising
rapidly from the facial suture and merging into the frontal limb
anteriorly and into the short postero-lateral limbs at the back; palpe-
bral lobes small and narrow; ocular ridges hroad but faintly defined;
they extend from the antero-lateral angle of the glabella outward and
slightly backward to where they unite with the palpebral lobe: frontal
limb slichtly convex from the front of the glabella to the broadly
rounded front margin.

Surface apparently smooth. The largest specimen in the collection
has a length of 9 mm., exclusive of the occipital spine.

This species strongly sugeests lgranlos strenwns Billings from the
paradoxides zone of Newtoundland: itdiffersin the form of the frontal
limb and border. In .l dolon the froutal imb arches gently down-
ward and forward to the margin, while in . strenwus it is nearly flat
and slightly convex between the glabella and the margin.  The glabella
of the latter is also proportionally longer.

1t differs from graulos diree in its greater eonvexity, more clearly
defined glabella, and strong oceipital spine.

Tormation and locality.—NMiddle Cambrian.  Lower portion of
Chang Isia formation near base of oolitic limestone: 2.2 miles south-
west of Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, Carnegie Institution of Washington
Expedition to China.

AGRAULOS DRYAS, new species.

Glabella and fixed cheeks convex; rhomboidal in outline.  Glahella
convex, short, narrowing slightly toward the rounded frout, without
traces of furrows; occipital furrow broad, very faintly defined; occip-
ital ring very narrow at the sides, broadening out rapidly to a blunt
point 5o as to be almost triangular.

Fixed cheeks about two-thirds the width of the glahella, and sloping
slichtly downward to the small palpebral lobes which are situnated
about midway between the posterior and the front margin of the head:
back of the palpebral lobe the fixed cheeks slope rapidly to broad,
short, postero-lateral limbs; palpebral lobes short; form unknown;
ocular ridges not distinguished on the downward slope of the fixed
cheeks toward the frontal limb; frontal [imb and frontal rim nearly
as long as the glabella; very slightly convex and separated from each
other by a shallow, slightly defined depression; dorsal furrow shaltow
but clearly defined.

Entire surface marked by mumerous, rather strong, puncta; also
very fine, alimost microscopic, irregular, elevated more or less concen-
tric, strize on the glabella.  Length of head 3.5 mm.

This species is represented by one specimen. It is strongly char-
acterized by its punctate surface and general forn.
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Foraation and locality.—Central portion of Chang IHsia formation,
near the top of the oolitic limestone: 1 mile west of Chang Ilxia,
Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

Genus ANOMOCARE Angelin.
ANOMOCARE ALCINOE, new species.

This species is represented by a single specimen, preserving the
anterior portions of the central part of the head, exclusive of the free
checks.  These parts indicate that the head was large, moderately
convex, and longitudinally gqnadrilateral, exclusive of the free checks.

Glabella slightly convex, rising gently from the dorsal furrow
toward the center; faint indications of three pairs of glabellar for-
rows are shown by reflected light over the smooth surface; sides snb-
parallel to the rather broadly rounded front; oceipital furrow and
ring unknown.

Fixed cheeks about one-half the width of the glabella, nearly flat
opposite the palpebral lobes, and sloping gently to the frontal Timb,
into which they merge in front of the palpehral lohe; the ocular ridge,
starting just back of the antero-lateral angle of the glabella, extends
obliquely out to the nurrow palpebral lobe; frontal limb nearly flat;
it slopes gently from the glubella and palpebral lobes to a raised line
which separates it from the broad, slightly concave frontal rim.

The surface appears to he smooth under a strong lens.

An associated pygidium has a broad planulate margin and convex
axis, with slight indications of about six segments.  The most nearly
related form from China is |, deeclis. In the latter form the frontal
rim is slightly convex, while in A. «/cinoe it is slightly concave.

Lormation and locality.—Middle Cambrian, upper portion of the
Chang Hsia formation, in limestone nodules; 3 miles south of Kao
Chia Pu, Hsin Tai, Shangtung, China.

Collected hy Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

ANOMOCARE BERGIONI, new species.

Head, exclusive of the free cheeks, longitudinally sub-quadrilateral.
convex. Glabella truneato-conical, moderately convex, and marked
in the cast by two pairs of glabellar furrows; also a low, rounded,
median ridge: sides slightly arched outward opposite the palpebral
lobes; front broadly rounded: oceipital furrow deep, rounded, and
arching forward slightly at the middle; occipital ring narrow and
rising at the center to form the base of a rather strong spine; dorsal
furrow strong at sides and less so at the front.
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Fixed cheeks very narrow, forming little more than a convex ridge
between the dorsal furrow and the furrow within the palpebral lohe:
they slope rapidly to the front, merging into the frontal limb, and pos-
teriorly downward to a very short postero-lateral limb: palpebral lobes
narrow. about one-third the length of the head; ocular ridge low and
merging into the rim of the palpebral lobe; frontal limb short and
sloping downward to a slightly convex frontal rim that ix about twice
as wide as the frontal limb in front of the glabella; the line of demanr-
cation between the frontal limb and rim is little more than a change in
direction of the slope, the slope of the rim being less.

The outer crust is extoliated over most of the head.  Where pre-
served, the outer surface is smooth under a strong lens.  The length
of the head of the type specimen is 12 mn.: the glabella, exclusive of
the occipital groove, 6 mm.; frontal limb, 1 mm.; frontal rim, £ mm.

This species is doubtfully referred to the genus _luwoinocare, as
the glabella does not have the parallel sides o eharacteristic of that
genus and the palpebral lobes are rather short. The reference to
LAnomocare is based on the eharacter of the frontal rim, narrow fixed
cheeks, and the general configuration of the glabella.

Formation and locality.—Upper Cambrian, Chao Mi Tien forma-
tion, in coarse, gray limestone; 9 miles north of Hsin Tai Hsien,
Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

ANOMOCARE BIANOS, new species.

This species is represented by a portion of the glabella and the
frontal limh. The glabella appears to have been quadrilateral in
outline, broadly rounded in front, and moderately convex. It is
marked in the cast of the interior by very slight traces of three pairs
of short glabellar furrows and a very slight, narrow. median ridge;
dorsal furrow shallow, but well marked: frontal limb nearly flat for a -
distance of 2 mm. in front of the glabella, where it curves downward
at an angle of about 45° for a distance of 3.5 mm. It is quite probable
that at the angle hetween the flat portion and the sloping front there
was some indication on the outer crust of a division between the
two parts; if so, the shorter inner portion would be the frontal limb,
and the sloping outer portion the flat frontal rim. Exterior surface
unknown.

This species is very clearly characterized by the form of the frontal
limb. '

Lormation and locality.—Upper Cambrian, upper portion of the
Chao Mi Tien formation, in a hard gray limestone: 2.7 miles south-
west of Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.
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ANOMOCARE BISTON, new species.

This species ix represented by some fragments of the central portion
of & head. Glabella moderately convex, suhquadrilateral in outline,
narrowing slightly toward the broadly rounded, almost transverse
front: surface marked by three pairs of slightly himpressed short fur-
rows; oceipital furrow rounded. distinetly marked, transverse; ocei-
pital ring narrow at the sides, broadening toward the center to form
the base of a moderately strong spine; dorsal furrow narrow, rounded,
and distinet.

Fixed cheeks narrow, scarcely more than a ridge between the dorsal
furrow and the palpebral lobe; palpebral lobe about one-third the
length of the head, separated from the tixed cheek by a narrow, deep
groove; ocular ridge short, distinet, and merging into the rim of the
palpebral lobe: postero-lateral limh about as long as the width of the
glabella, narrow, and marked by a longitudinal groove. In front of
the glabella a narvow frontal limb slopes downward to a slightly con-
vex, flattened frontal rim about three times as long as the frontal limb.

Surface minutely punctate.  Length of the largest head, exclusive
of the occipital spine, 8 mm.

This little species appears to be quite distinet from any other form
of the genus.  Tts narrow fixed cheeks, relatively large eye lobe, and
flattened frontal rim are the characteristies upon which it is referred
to Anomocare.

Formation and locality.—Middle Cambrian, in the lower half of the
Chang Hsia formation, in a compact gray limestone; 2 miles south of
Yen Chuang, Hsin Tai. Shangtung, China.

Collected hy Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

ANOMOCARE (?) BUTES, new species,

General form of head semicircular, moderately convex.  Glahella
sub-quadrilateral in outline, narrowing slightly toward the nearly
transverse front; marked by three pairs of slightly impressed short
furrows and a low, narrow, median ridge; occipital furrow shallow,
rounded, and arching very slightly toward the center; oceipital ring
slightly convex and of moderate width throughout, marked by a
minute pointed node at the center: dorsal furrow rounded, distinct.

Fixed cheeks less than one-half the width of the glabella: they rise
with a gentle slope from the dorsal furrow to the furrow within the
rim of the palpehral lohe, slope hack into the postero-lateral limh, and
somewhat abruptly downward in front of the ocular ridge into the
frontal limb; ocular ridge clearly defined and merging into the rim of
the palpebral lobe; the latter is a little more than one-third the length
of the head; postero-lateral limb nearly as long as the width of the

Proc. N. M. vol. xxix—05——1
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clabella at the base. narrow, and marked by a strong groove within
the rounded posterior margin: frontal limb slightly convex and cury-
ing downward to the flattened frontal rim: the rim is a little longer
than the length of the limb in front of the glabella, and the line of
demarcation between the Hmb and the rim is little more than the
angle formed by the union of the nearly flat rim with the inelined
frontal limb.

Free cheeks irregularly triangular: marginal border flattened,
strong, and produced behind into a strong. flattened spine: central
arca slightly convex, and rising rather abruptly to the hase of the eye
lobe; anteriorly the border of the cheeks narrows to a slender point.

Thorax unknown.

Associated pygidium semicircular in outline, convex; axis convex,
about two-thirds the length of the pvgidium, and divided by four
furrows into four rings and a terminal, longer ring, upon which a
slight depression on each side indicates a fifth furrow; the pleural
lobes extend out about one-half of the distance nearly flat, and then
curve somewhat abruptly downward to a rather broad, flattened mar-
¢in, into which they merge; the four grooves on the axis and the fifth
eroove just within the interior margin extend aeross the pleural lobes,
dyving out on the Hlattened margin. Two small nodes oeeur at the
posterior end of the axis, through which a low, broad, rounded ridge
extends backward and downward into the tlattened margin.

Surface minutely punctate under a strong lens; fine, radiating,
irregular, elevated lines cross the frontal limb from the furrow in
front of the glabella and the ocular ridge to the flattened frontal rim,
and alzo from the base of the eye lobe to the margin of the free cheeks.

This species varies from the described forms in the broad, relatively
short glabella and the contiguration of the frontal rim and limb.

Formation and locality.—Middle Cambrian, lower portion of Chang
Hsia formation, in a gray. fossiliferous limestone; 3.2 miles southwest
of Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegic Institution of
Washington Expedition to China.

ANOMOCARE ? DAULIS, new species.

Of this species the central portions of the head, exclusive of the
free cheeks and associated pygidium, are known. Glabella rather
strongly convex and faintly marked by three pairs of furrows; it
narrows slightly toward the rounded front; occipital furrow narrow
and curving slightly forward at the center; oeceipitul ring of medium
and nearly uniform width from side to side; dorsal furrow shallow
and rounded: posteriorly the latter separates a narrow, elongated lobe
from the side of the glabella, and joins the oceipital furrow; the nar
row lobe mentioned extends backward to the occipital furrow and
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laterally merges into the fixed check; trom dnothol 1)01nt of view the
dorsal furrow might he considered to pass outside of the narrow,
elongate lobe, near the base of the glabella, and the furrow hetween
the glabella and the elongate lobe would then be an inner division of
the dorsal furrow. The surface of the glabellu is somewhat irregular
on account of the lateral furrows, and a rather rounded, broad longi-
tudinal ridge which extends its entire length.

Fixed cheeks less than half the width of the glabella: they rise from
the dorsal furrow and merge into the large eve lobe. and anteriorly
are divided by the strong ocular ridge which passes into the strong
palpebral lobe; in front of the ocular ridge the cheeks slope down-
ward to a sccond ridge which extends from the front line of the gla-
bella sub-parallel to the ocular ridge as far as the facial sutures:
frontal limb relatively long, slmhtlv concave to the narrow, very
slightly rounded rim; pOstelo lateral Himbs short and marked by a
strong curve within the narrow posterior rim.

Surface smooth under a strong lens.

The associated pygidium has a strong central axis marked by five or
six rings that are very distinet on the broad planulate margins.  This
species is strongly characterized by its peculiar glabella with the
elongate, narrow lobes near its base: also by the hroad. slightly
convex frontal rim.

Tormation and locality.—Middle Cambrian.  Upper part of Chang
Isia limestone, Chang Hsia, Shangtung, China.

Collected hy Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

ANOMOCARE DAUNUS, new species.

This species is represented by a portion of the glabella and frontal
limb, and a fragment of alarge. free cheek associated with it: also an
assoeiated pygiditun which has the same characteristic surface marking.

Glabella slightly convex und marked by three pairs of very faintly
indicated furrows; it has a length of 16 mm. with a width of 12 num.
near the base; it narrows slightly toward the rounded front; a fragment
of the fixed check indicates that the latter was nearly flat hetween the
glabella and palpebral lobe; the frontal lobe is nearly flut for a distance
of 4 mm., when it slopes downward to the thickened frontal rim, no
line of demarcation distinguishing the frontal rim.

The free cheek indicates a moderate convexity for the head: also
that the margin, which is very narrow at the front, widens out gl‘:‘td—
ually toward the postero-lateral angle of the head: the base of the eye
lobe shows that the palpebral lobe and eye were relatively small: the
line of facial suture, as shown by the free check, shows that the postero-
lateral limb of the fixed check was large and more than half the width
of the cheek; also that the antero-lateral limb was strong.
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The surface of the glabella is marked by shallow pits varying eres 1tlv
in size and form: the pits are so closely crowded that the lines of
demarcation between them in plaees form an irregular network; on
the posterior portions of the glabella, also on the frontal himb, the
shatlow pits are more or less scattered, giving a somewhat coarsely
prnctate appearance; the fixed checks ‘m(l free checks are marked by
strong, but not lavge, pits or punctee, scattered somewhat thickly over
the surface; the surface of the associated pygidinm is much like that
of the cheeks.

The assoctated pyeidinm has a width of 26 mm. and a length of
12 mm.; it is moderately convex with a prominent axial lobe and a
hroad, slightly concave border that merges above the slightly convex
pleural lobes.  Axial lobe convex with the elevated portion about five-
sixths of the length of the glabella; it slopes abruptly downward and
hackward from the elevated portion to a low slightly convex termina-
tion near the posterior margin; divided by five well-marked transverse
furrows that separate it into five segments and an obtuse terminal
seement which has two rather large, rounded nodes, outlined by a
slight depression at the center; the pleural lobes are grooved by the
extension of the furrows crossing the axis; also by pleural grooves,
hoth of which extend outward across the pleural lobe and curve back-
ward across the broad, planulate horder of the margin.

Formation and locality.—Middle Cambrian.  Lower portion of
Chang Hsia limestone, in green nodular shales of the horizon of the
oolitic limestone at the base of the Chang Hsia formation; 2 miles
sonth of Yen Chuang. Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

ANOMOCARE DECELUS, new species.

Of this species only the anterior central portions of the head are
known. It is characterized by a broad, nearly flat, frontal rim that,
with the frontal Himh in front of the gldbolla, has a slightly convex
slope interrupted only by a shallow, narrow groove; the frontal limb
is ornamented with raised, narvow, irregular, more or less inosculat-
ing lines that radiate from the front of the glabella and ocular ridges
down to the narrow groove separating thc limb from the frontal
margin.

The fixed cheeks are about half the width of the glabella.  They are
nearly flat and interrupted by a rather strong ocular ridge. The
glabella ix large, broadly ronnded in front, with the sides sub-parallel
from opposite the center of the palpebral lohes to the broadly rounded
front. The palpebral lobes and posterior portions of the head are
broken away in the only specimen known,
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This species is associated with _lwowocare s Dames, from which
it ditfers in the character of the frontal limb and margin, in which
respects it also ditfers from Lnomocare temenns and Anomocare tation.
It may also be compared with the form from the St. Croix sandstones
of Wisconsin, illustrated by James Hall as Conoceplalites diadomntins,«
and with .1, «/c¢inoe, from which it ditfers in having a convex frontal
rim instead of concave.

Formation and locality.—Middle Cambrian.  Reddish limestone
near base of Chang Hsia formation in oolitic limestone.  Yen Chuang,
Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Kxpedition to China.

ANOMOCARE TATIAN, new species.

This species is most closely related to Anowocare temenus. 1t differs
from it in huving a proportionately more convex and hroader glabella
and stronger dorsal furrows.  The assoeinted pygidium is also longer
in proportion to its width. and it has eight or nine segments in its axis.

The largest head has a length of 13 mm. exclusive of the frontal
rim, which is somewhat broken.  This probably had a width of about
2mnt. A glabella 10 mm. in length has a width of 8.5 mm. at the
base and 7 mm. at the broadly rounded front.

Lormation and locality.-—Middle Cambrian.  Near hase of Chang
Hsia formation in gray oolitic series.  Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Cavnegic Institution of
Washington Expedition to China.

ANOMOCARE TEMENUS, new species.

Head large, moderately convex, and transversely quadrilateral,
exclusive of the free checks.  Glabella slightly convex, rising gently
from the dorsal furrow to the center, which is marked by a narrow,
longitudinal ridge. A g¢labella 14 mm. in length has a width of 10}
mm. at the base and 8 mm. at the rounded frontal margin: indications
of three pairs of glabellar furrows are shown by reflected light over
the smooth surface; oceipital furrow very shallow, scarcely more than
indicating the line of demarecation between the glabella and the rather
narrow occipital ring; dorsal furrows shallow.

Fixed cheeks narrow and nearly flat; they merge laterally into the
large palpebral lobe and posteriorly slope down rapidly to the poste-
rior margin; ocuwlar ridges low, rather broad, and clearly marking the
division hetween the central portion of the free cheeks and the rapid
slope to the frontal rimy frontal limb in front of the glabella narrower
than the frontal vim; it is slightly convex and merges into the navrow

@16th An. Rept. N. Y. State Cab. Nat. Hist., 1863, pl. vi, figs. 36, 37.
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furrow between it and the rather broad frontal rim; the latter in a
head 21 mm. in length is 34 mm. long: postero-lateral limbs narrow,
with a length about equal to the width of the base of the glahella.
A strong furrow divides it about midway, parallel to the posterior
margin.

Minute scattered pores are shown on the surface nnder a strong
lens.

The associated pygidiunt has a broad planulate margin, convex axis,
and slight indications of three or four segments.

The most nearly related form from China is A. planwum Dames.
This species differs from the latter in its narrower fixed cheeks and
lavger glabella.

Formation and  locality.—Middle Cambrian. Upper portion of
Chang Hsia formation in oolitic limestone, about a mile southwest of
Yen Chuang, 1lsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

Genus ANOMOCARELLA, new genus.

Anomocarella is proposed to include three speeies from the Middle
Cambrian of China that differ from Anomocare in the absence of glabel-
lar furrows and the presence of a relatively narrow, flattened frontal
rim.  The sides of the glabella are parallel, palpebral lobes of medium
size, and ocular ridges more or less clearly defined. The associated
pyeidinm has a narrow conical axis, marked by several transverse
furrows which extend out on the pleural lobes and more faintly on
the sloping rim.

(Fenotype.— dnomocarela chinensis.

Two other species are referred to this genus: A. albion and A.
bauces, the latter with some doubt.

ANOMOCARELLA ALBION, new species.

This species is represented by three more or less imperfect speci-
mens of the head exclusive of the free cheeks. These indicate that
the head was of moderate convexity and sewmicircular in outline.

Glabella moderately convex, with a gentle and nearly uniform
curvature from side to side; on one specimen three pairs of glabellar
furrows are very faintly indicated; the sides of the glabella arch
slightly inward hetween the base and the rounded front: oceipital
furrow shallow, rounded, slightly separating from the glabella a very
slightly convex oceipital ring; dorsal suture narrow, but distinctly
marked.

Fixed checks a little less than one-half the width of the glabella and
aearly flat; they merge into the furrow within the palpebral lobe and
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posteriorly slope gently downward to the posterior marging ocular
ridges low, rounded, and merging into the flattened palpebral lobes;
in front of the ocular ridges the cheeks are interrupted hy an obliquely
transverse ridge that extends subparallel to the ocular ridge to the
front of the glabella, where it merges into the frontal limb; froutal
limb very narrow, sloping rather abruptly downward from the dorsal
furrow to a narrow furrow separating it from a broad, slightly down-
ward-sloping, nearly flat, frontal rim; postero-lateral limb short and
marked by a shallow furrow parallel to the posterior margin.

Surface minutely punctate under a strong lens.  The largest head
of this species has a length of 18 mm. with a width at the palpebral
lobes of 19 mm.

This large species differs from other forms by the very narrow
frontal limb and the flat, downward-sloping frontal rim.

Formation and locality.—Middle Cambrian, lower central portion
of Chang Hsia formation, in thin-bedded limestone interbedded swith
shale: 2 miles south of Yen Chuang, Hsin Tai. Shangtung, (‘hina.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

ANOMOCARELLA BAUCIS, new species.

This species is represented by a single specimen of ahout one-half of
the head, exclusive of the free checks. This specimen indicates a
moderately convex head, somewhat longitudinally (uadrilateral in
outline.

Glabelia moderately convex, with the sides converging slightly
toward the front; surface apparvently free from furrows; occipital
furrow hroad, shallow, slightly curving forward near the center;
occipital ring low, strong, and slightly convex: dorsal turrow shallow,
not clearty detined.

Fixed cheeks a little more than one-half the width of the glabella,
nearly flat out to the elevated palpebral lobe and sloping with mod-
erate rapidity to the postevior margin. Ocular ridge low, narrow,
and merging into the strong palpebral lobe. which is about one-third
the length of the head; frontal limb narrow in front of the glabella,
widening at the sides in front of the ocular ridges; it slopes gently
down to a rounded shallow furrow that separates it from a slightly
convex frontal rim, that is broader than the frontal limb in front of
the glabella; postero-lateral liuh narvow, about as long as the width
of the fixed cheek, and marked by a rather strong border and shallow
furrow parallel to the border.

Surface marked hy seattered punetze and very fine puncte visible
only with the aid of a strong lens.

This species is characterized by the shallow, rounded dorsal furrow,
elevated palpebral lobe, and the smooth, slightly eonvex frontal rim.
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Forneation and locality.—Upper Cambrian, upper portion of Chao
Mi Tien formation, in grayish-brown, coarse limestone. Chao Mi
Tien, Shangtung, China.

Colleeted by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

ANOMOCARELLA (?) BURA, new species.

This speecies is represented by the central portions of a single head.
Glabella convex. subquadrilateral, arching very gently from the oceip-
ital ring forward, and near the front rather morve rapidly downward
to the furrow within the frontal rim; withont traces of glabelar fur-
rows: oceipital frrrow narrow, clearly defined; occipital ring rather
wide, slightly convex, and projeeting a little backward at the center;
dorsal furrow shallow, narrow, but clearly defined.

Fixed cheeks about one-fourth the width ot the glabella; palpebral
lobe more than one-third the length of the head, with a relatively
broad outer rim, ontlined by a very narrow, faintly defined furrow;
ocular ridge short, broad, low, and merging into the palpebral lobe;
postero-lateral limb short; frontal rim slightly rounded, separated
from the glabella and fixed cheeks by a narrow furrow.

Surface apparently smooth. but with a few scattered, very fine
punctee as scen with a strong lens. 'The type and only speeimen has
a length of 3 mm.

The generic reference of this speeies is doubtful, as the frontal limb
is absent.  The ¢uadrangular, smooth glabella, relatively large palpe-
bral lobes. and narrow fixed eheeks relate it more elosely to  lnomo-
carella than to other genera.

Forniation and locality.—NMiddle Cambrian, upper portion of Chang
Hsia formation, in oolitic limestone; Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

ANOMOCARELLA CARME, new species.

Outline of head, exclusive of free cheeks, clongate quadrilateral,
moderately convex. The convexity of the glabella is so slight that it
is scarcely raised ahove the general surface of the head: its outline is
truneato-conieal, with the front rounded; the interior cast appears to
be without traces of furrows; oecipital furrow transverse, narrow,
rounded, and shallow; oceipital ring of medinm width, slightly con-
vex: dorsal furrow lightly impressed on the sides of the glabella and
searcely perceptible in front of it.

Fixed cheeks narrow, scarcely more than a line in front of the pal-
pebral lobes: they widen out slightly in front and merge into the
frontal limb, and posteriorly into the postero-lateral limb; postero-
lateral limbs narrow, length unknown: frontal limb broad, slightly



NO. 1115. CAMBRIAN FAUNAS OF CHINA—WALCOTT. 57

convex, sloping obliquely downward and passing into the smooth,
nearly flat frontal rim almost without interruption from the very
shallow transverse furrow: palpebral lobes small, about one-third the
length of the glabella.

The only surface markings are the fine, irregular lines that extend
from in front of the glabella outward across the hroad frontal limb to
the frontal rim. The type and only specimen of the head in the col-
lection has a length of 11.5 mm., with a width at the palpebral lobes
of s mm: the glabella is 6 mm. inlength, the froutal Himb 2 mmn., frontal
rim 1.5 mn., and oceipital ring and furrow 2 mmnn.

This species is somewhat doubtfully referved to Anomocarelu, as
the frontal limb and rim ave relatively long. It resembles Anomioca-
rellie chinenses in the narrvow tixed cheeks and the absence of glabellar
furrows.

Formation and locality. —Upper Cambrian, lower portion of Chao
Mi Tien formation, in gray. ervstalline, fossiliferous lime ‘tone; Chao
Mi Tien, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

ANOMOCARELLA CHINENSIS, new species.

Head of mediunt size, moderately convex, and longitudinally irregu-
larly (uadrilateral, exelnsive of the free cheeks.  Glabella moderately
convex, rising gently from the dorsal furrow toward the center, so as
to give it a slightly ridged appearance. A glabella 5 min. in width
has a length of 7 nmm., exclusive of the oceipital ring: surface appar-
ently smooth: occipital furrow very slightly defined: oceipital ving
broad. very slichtly convex, with a slight node a little in advance of
the center; dorsal furrow shallow, hut distinet on the sides and in front
of the glabella.

Fixed checks about one-half the width of the glabella, slightly con-
vex; they merge laterally into the furrow outlining the palpehral
lobe, and posteriorly slope rapidly to the posterior marging ocular
ridges low, rounded, and passing ontward and merging into the narrow
palpebral lobe: they clearly mark the division between the central
portion of the fixed cheeks and the rapid slope to the frontal vim;
palpebral lobes about one-third the length of the head: frontal limb
narrow in front of the glabella, widening out at the sides and sloping
downward with a gentle convexity; frontal rim nearly flat, separated
from the frontal limh by a shallow furrow that curves slightly back-
ward near the center so as to form an obtase angle.  In some examn-
ples there is a slight deepening of the furrow on each side of the
incurved portion of the frontal rim: postero-lateral limbs short, and
marked by a rather shallow, broad furrow parallel to their posterior
margin,
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Surface minntely punctate under a strong lens, The largest speci-
men of the head has a length of 12 mm.

The associated pyeidium has a narrow, planalate margin and rather
narrow convex axis, marked by five transverse furrows, which divide
it into five rings, and a small terminal portion; the furrows extend
across the pleural Iobes and faintly on the margin.  The most nearly
related form is .1 «/bion. The latter differs in having a proportion-
ately shorter frontal limb and rimy, and in the form of the glabella.

Formation and locality.—Middle Cambrian, lower central portion
of Chang Hsia formation, in limestone interbedded in a green nodular
shale; 2 and 2.5 miles south of Yen Chuang, Hsin Tai, Shangtung,
China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

Genus ARIONELLUS Barrande.
ARIONELLUS AGONIUS, new species.

Central portion of the head, exclusive of the free cheeks, irregularly
sub-quadrilateral, convex. Glabella moderately convex. narrowing
slightly toward the front; length and width at the base nearly the
same: by reflected light traces of two pairs of glabella furrows may
be seen: oceipital furrow narrow and shallow; occipital ring narrow
at the sides, hecoming stronger toward the center, which rises to form
the base of a short, strong, backward-sloping spine; dorsal furrow
narrow and clearly defined.

Fixed checks narrow and nearly flat at the palpebral lobes; they
slope rapidly in front toward the frontal margin, and backward toward
the postero-lateral limbh; palpebral lobes narrow, about one-third the
length of thehead: frontal limb narrow directly in front of the glahella
and ronnding over to the rounded frontal rim.

Surface smooth under a strong lens.  The type specimen has a length
of 4+ mm., with a slightly greater width at the palpebral lobes.

This species differs from A. «lale in having a thickened, rounded
frontal rim and a proportionately wider glabella. From 4. «jax it
differs in being broader and in the presence of an oceipital spine.

Formation and locality.——Middle Cambrian, lower-central portion
of the Chang Hsia formation, in thin layers of limestone interbedded
in the green shale: Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

ARIONELLUS AJAX, new species.

Outline of head, exclusive of free cheeks, sub-rhomboidal, convex.
Glabella moderately and uniformly convex, sides converging very
shghtly from the hase to the rounded front; slight traces of short
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furrows are shown by reflected light; oceipital furrow a faint trans-
verse depression that separates the glabella fromn a fairly strong,
slightly convex occipital ring; dorsal furrow narrow but clearly
defined.

Fixed cheeks very narrow and =loping away from the glahella
toward the palpebral lohes; posteriorly they slope downward into a
rather large postero-lateral limb; auteriorly they slope rapidly to the
frontal limb; palpebral lobes prominent, about one-fourth the length
of the head: frontal limh gently convex, rounded in fronf. and with-
out traces of a frontal rim.

Surface smooth under a strong lens. The type specimen has
length of 4 mm.

In form the head of this species is somewhat like that of . «/alu.
It differs in the absence of an occipital spine and in being proportion-
ately somewhat narrower.

Formation and locality.—Middle Cambrian, central portion of the
Chang Ilsia formation, in gray crystalline lintestone: 3,25 miles south-
west of Yen Chuang, IHsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegic Institution of
Washington Expedition to China.

ARIONELLUS ALALA, new species.

In general form and proportion the central parts of the head of this
species are much like 1. wyonius. They difler in the proportionately
smaller, elongate glabella, nearly flat frontal limb. and a thin instead
of a rounded margin.

Formation and locality.—Middle Cambrian, central portion of the
Chang Hsia formation. in gray limestone: Chao Mi Tien, Shangtung,
China.

A somewhat similar and possibly identical form occurs at about the
sante horizon near Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegic Institution of
Washington Expedition to China.

Genus MENOCEPHALUS Owen.

Menocephalus OWEN, Geol. Surv. Wisconsin, Lowa, and Minnesota, 1852, p. 577.

Doctor Owen proposed this genns for trilobites having a highly
convex, hemispherical glabella, with a narrow border and a broadly
rounded front; cheeks tumid. .

I have referred to this genus, more or less provisionally, several
species in which only the central portions of the head are pre-
served. TFurther study. or the study of more perfect specimens, will
undoubtedly lead to the reference of some of them to other genera.
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MENOCEPHALUS ACERIUS, new species.

This speciesis represented hy a single specimen of the glabella, fixed
cheek. and frontal limb. The glabella is moderately convex, hroadly
truncato-conicalinoutline, and marked by two pairs of faintly impressed,
short furrows; the sides approach each other slightly toward the
broadly rounded front; oceipital furrow rounded and distince: ocei-
pital ving moderately convex and a little wider than the occipital
turrow; dorsal furrow well defined.

Fixed cheeks, convex, about two-thirds the width of the glabella;
they slope rather rapidly downward to the frontal rim and less so to
the postero-lateral limb: ocular ridge not distinetly defined; palpebral
lohes simall: frontal rim separated from the glabella and fixed cheeks
by a strong, narrow furrow; the rim is rounded and of ahout the same
width as the occipital ring.

Surface covered with pustules perceptible to the nnaided eye. The
head of the type specimen has a length of 10 mm. ; the froutal rim and
occipital ring are each about 1 mm. in width.

This species is referred to the genus Menocephalus on account of
the small palpebral lobes, pustulose surface, and the absence of a
frontal limb. It differs from the type form in having a less convex,
more clongated glahella.

Lormation and locality.-—Middle Cambrian, upper portion of the
Chang 1sia formation, in a coarse, grayish limestone; a mile east of
Chang Hsia, Shangtung, China.

Colleeted by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

MENOCEPHALUS ACIS, new species.

Glabella  prominent, convex. narrowing slightly from its hase
toward the broadly rounded front: occipital furrow narrow. deep, and
separating a rather strong, rounded, occipital ring; dorsal furrow nar-
row and strongly defined.

Fixed cheeks about one-half the width of the glabella, moderately
convex tothe hase of the palpebral lobe: posteriorly they slope vapidly
to the furrow within the posterior margin: anteriorly, rapidly to the
frontal rim; palpebral lobe small and somewhat elevated; frontal rim
narrow, rounded, and separated from the glabella by the narrow dor-
sal furrow.

Surface marked by rather strong scattered granules.  The only
specimen representing this species has a length of 5 mm.

This species is characterized by its narrow, wire-like frontal rim
and the scattered granules on its outer surface.
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Formation and locality.—Upper Cambrian, upper portion of Chang
Hsia formation, in grannlar gray limestone; Chao Mi Tien. Shang-
tung, China.

Collected by Eliot Blackwelder of the Carnegie Institution of
Washington Expedition to China.

MENOCEPHALUS ADMETA, new species.

Glabella strongly convex, with sub-parallel sides and rounded front;
occipital furrow narrow and deep: ocecipital ring murrow at sides,
increasing in width toward the eenter. slightly convex, rising with a
backward slope from the bottom of the occipital groove; dorsal fur-
row narrow and strongly defined.

Fixed checks about two-thirds of the width of the glabella, slightly
convex opposite the palpebral lobe, and sloping downward to a strong
furrow within the rounded rim of the short postero-lateral limb:
frontal rim narrow and slightly rounded.

Surface apparently minutely punctate under a strong lens.  The
only head of this species in the collection has a length of less than
2 mm.

This species is distinguished from ). «cis by the form of the con-
vex glabella, flattened instead of wire-like frontal rim, and punctate
surface. It does not appear to be closely related to any other species.

Lormation and locality.—Upper portion of Chang IHsia formation,
in dense mottled and crystalline limestone. Chang Hsia, Shangtung,
China.

Collected by Kliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

MENOCEPHALUS ADRASTIA, new species.

This ix a minute head, having a strongly convex, almost ¢lobular
glabella that rises abruptly from the deep dorsal furrow. A shallow
furrow outlines small postero-lateral lohes at the hase of the glabella:
oceipital furrow narrow and distinet: oceipital ring slightly convex
back of the occipital furrow, narrow at the sides and widening gradu-
ally toward the center.

Fixed cheeks about one-halt the width of the glabella, strongly con-
vex; frontal limb obsolete; frontal rim uabout half as wide as the
tixed cheeks, slightly convex, and separated from the fixed cheeks hy
a transverse, narrow, shallow groove,

The above is all that is known of this form. [Its globose glabella,
convex fixed cheeks, and occipital ring distingnish it from other
species. The length of the glabella and frontal rim ix 2.5 mm. in one
specimen, with an occipital ring about 1 mm. long.
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Surface tinely granulose under a strong lens, with a few scattered
larger granules.

Lormation and locality.—NMiddle Cambrian, upper portion of the
Chang Hsia formation, in a compact, hard, dove-colored limestone;
('hang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

MENOCEPHALUS AGAVE, new species,

Another species of Monocephalus is associated with M. adrastia, in
which only the anterior portions of the head and one fixed cheek are
preserved.  This differs from A/, wdrast/a in the proportionately nar-
rower glabella, rounded frontal rim, and less convex fixed cheek. Its
surface is very finely pustulose, with scattered larger pustules on the
glabella.  The palpebral lobe is very small and situated a little back
of the eenter of the head.

Formation and locality.—Middle Cambrian, upper portion of the
Chang Hsia formation, in a eompact, hard, dove-colored bed; Chang
Hsia, Shangtung, China. _

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

MENOCEPHALUS BELENUS, new species.

This species is represented by a single specimen of a glabella, oceip-
ital ring, and frontal vim. It differs from /. «cerins in having a
very narrow, slightly flattened frontal rim, and a very finely pustulose
surface. The glabella is also more conical and its tront more rounded.
A fragment of the tixed cheeks indieates that they were rather convex
and rose somewhat abruptly from a distinet dorsal furrow. The gen-
eral remarks relating to the generic relations of /. acerins also apply
to M. belenus, as they are apparently eongeneric.

Formation and locality.—Middle Cambrian, upper portion of the
Chang Hsia formation, in a bed above that containing M. aceriusy
Chang Hsia, Shangtung, China.

Collected hy Eliot Blaekwelder, of the Carnegie Institution of
Washington Expedition to China.

MENOCEPHALUS (?) DEPRESSUS, new species.

General form of the head, exclusive of the free cheeks, subrhom-
hoidal, moderately convex. Glabella moderately convex, narrowing
slightly from the base toward the rather broadly rounded front: sur-
face marked by two pairs of very shallow, short glabellar furrows:
oecipital furrow narrow, transverse, and sharply impressed; occipital
ring slightly convex and of nearly uniform width; dorsal furrow
narrow and sharply defined.
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Fixed cheeks about one-half the width of the glabella, convex. arch-
ing with abont the same slope to the palpebral lobe from the front and
back: palpebral lobe small, situated about midway of the cheel; no
evidence of the presence of an ocular ridge; postero-lateral limh short,
marked by a distinet groove parallel to the narrvow, elevated posterior
margin: frontal rim narrow, convex, and separated from the glabella
and fixed cheeks by a distinet narrow groove.

Surface with numerous low, medinm-sized. scattered pustules.  The
type and only specimen of the head in the collection has a length of
4.5 mm.

This species is doubttully referred to the genus Menoceplalus. Tt
is most nearly related to .J. «ess, but differs in having a less convex
glabella and narrower fixed checks.

Forimation and locality. —Upper Cambrian, lower portion of Chao
Mi Tien formation, in a fossiliferous gray limestone. where it is asso-
clated with Solenoplura belus; Pagoda Hill, a mile west-southwest of
Tai An Fu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegic Tnstitution of
Washington Expedition to China.

MENOCEPHALUS, species undetermined.

This form is represented ,l)_v the anterior half of the glabella and
tixed cheeks. These parts indicate that the glabella was strongly con-
vex, rounded in front, and marked by twe pairs of very slight, short
furrows. The fixed cheeks are about two-thirds the width of the
glabella and modevitely convex: palpebral lobes small and placed
about their own length from the frontal rim; froutal rim apparently
very narrow, and separated front the glabella and fixed checks by e
narrow  distinet groove.  Surface finely pustulose under a strong
lens.

Lormation and locality.—Middle Cambrian, near upper portion of
Chang Hsia formation, in a compact, hard, grayv limestone, about 3
miles southwest of Yen Chuang, 1lsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Iustitution of
Washington Expedition to China.

Genus PAGODIA, new genus.

This genus is proposed to include a few species from the Upper
Cambrian zone which do not appear to be closely related to any
described genus.  Only the central portions of the head are available
for description.

Dingnosis.—Glabella oblong, with obscure traces of furrows at the
sides.  Eyes small, central, and without trace of ocular ridge.  Facial
sutures cut the front margin opposite the eve lobe, and the posterior
margin within the postero-lateral angles.
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Thorax unknown.

An associated pygidium has a conical, segmented axis, narrow pleural
lobes, and smooth, nndefined margin.

Genotype.— Pugodia lotos Walcott.

The four species of this genus all have a similar type of surface,
consisting of shallow punctwe of moderate size, with very fine punctee,
visible only under a strong lens, between the larger puncta. The
species now referred to the genus are Llugodia bia Walcott, 1. dolon
Walcott, /2 lotos Walcott, 2. macedo Walcott.

I was at first inclined to refer these forms to Dolichometops, but
they differ from the type of the latter, Dolichometopus srecicus Anglin,
in the narrowing instead of widening of the glabella in tront. in the
presence of small instead of large eye lobes, short instead of long
postero-lateral limbx, and obscure glabellar furrows.

PAGODIA LOTOS, new species.

Glabella moderately convex, elongate, with the sides converging
very slightly toward the broadly rounded front; obscure traces of
two pairs of furrows that extend a short distance inward and hack-
ward occur npon the sides; occipital furrow strong, rounded, and
arching slightly forward at the center; oceipital ring ot medinm width
and rounded; dorsal furrow strong but shallow and merging into the
transverse furrow in front of the glabella.

Fixed cheeks about one-half the width of the head opposite the pal-
pebral lobes. slightly convex, and sloping gently posteriorly to the
furrow within the margin and anteriorly to the transverse furrow
within the frontal rim; palpebral lobes small, short, not much more
than one-fifth the length of the head; a very slight trace of an ocular
ridge is shown upon the cast of the interior of the crust, but no evi-
dences of it have been seen on the outer surface; frontal rim narrow,
rounded so as to give it a thickened appearance, with a shghtly flat-
tened slope into the furrow back of it; it is separated from the gla-
belta and fixed cheeks by a sharp furrow that almost cuts back under
the front of the glabella.

The crust ix thick; it appears to be smooth on the outer surface over
the glabella and fixed cheeks, with the exception of scatterved, shallow
puncte.

The type specimen has a tength of 6 mm., with a width at the pal-
pebral lohes of 8 mm.

The associated pygidium is convex, subsemicireular in outline, and
strongly trilobed except at the margin.  Axial lobe convex, conical,
and divided by three transverse furrows into three rings and a termi-
nal, rounded subtriangular portion. Pleural lobes nearly Hat toward
the front near the dorsal furrow, and from there curving abruptly
downward toward the side and posterior margins; the furrows of the
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axis extend about two-thirds of the distanee across the pleural lobes
and merge with the flat segments between them into the margin: the
margin slopes up from the sharp outer edge with a slight concavity
where it merges into the pleural lobes and touches the posterior end
of the axis.

This species ditfers from Liugodiv niccedo and 2. dolon in its frontal
rim and the slight convergence of the sides of its glabella toward the
front. It is most nearly related to wgodia hia. with which it is
associated, but diflers from it in its narrower and proportionately
longer glabella, the elabella of /2 A/ having a length of 6 mm. with
1 width at the center of 3 mm.. and that of /2 /ofos with a length of
5 mm. has a width at the center of nearly 4 mm.

Formation and local/ty.—Upper Cambrian, lower portion of Chao
Mi Tien tormation, in a eray fossiliferous limestone; Pagoda Hill,
I mile west-southwest of Tai An Fu, Shangtung, China,

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

PAGODIA BIA, new species.

Head, exelusive of the free checks. subrhomboidal, moderately con-
vex.  Glabella slightly convex. subquadrilateral in outline, slightly
narrowed along the central portions: and marked by two pairs of
short glabellar furrows on the posterior half and a very slight
depression indicating a furrow on each side well toward the front;
oceipital furrow narrow, very clearly defined and arching slightly
forward toward the center: occipital ring narrow and rounded: dorsal
furrow shallow but distinet.

Fixed cheeks about half as wide as the glabella and sloping gently
downward from the dorsal furrow: palpebral lobes small. situated
about midway between the tront and back margins of the head; no
traces of ocular ridges have heen observed: postero-lateral limb
short, strong, and marked by @ rounded furrow within the posterior
marging frontal rim very unarrow, rounded, and separated from the
elabella and fixed cheeks by a narrow. deep turrow.

Surfuce marked by a few shallow, scattered punctae, and under a
very strong lens it appears to be minutely punctate. The largest
speciinen of the head in the collection has a length of 8 mm.

The form of the ¢lubella of this species is not unlike that of Zugod/u
macedo, but its anterior lobe is much broader.

Formation and locality.—Upper Cambrian, lower portion of Chao
Mi Tien formation, in a hard, dark limestone: 2.7 miles southwest of
Chao Mi Tien and Pagoda Hill, a mile west-southwest of Tai An Fu.
Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

Proc. N. M. vol. xxix—05——5
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PAGODIA DOLON, new species.

This species is represented by two specimens of the head exclusive
of the free cheeks.  Glabella elongate, subquadrilateral, moderately
convex: @ very obsenre trace of a posterior pair of short furrows is
all that can be seen on the outer surface; oceipital furrow rather nar-
row, clearly impressed, and arching slightly forward at the center;
oceipital ring narvow at the sides, increasing eradually in width to the
center, where it is strong and moderately convex; dorsal furrow strong
at the sides and front of the glabella.

FFixed cheeks a litdle more than one-halt the width of the glabella,
convex, and sloping outward and downward from the dorsal furrow;
hack of the palpebral lobes they slope gently to the furrow within the
posterior nargin and anteriorly more rapidly to the furrow within
the frontal vinmg palpebral lobes small, about one-fourth the length of
the heads postero-lateral b short, and marked by a strong, rounded
Murrow within the narrow, slightly clevated posterior marging frontal
rim rounded, narrow, and separated from the glabella by w strong,
rounded, rather deep furrow, which hecomes more shallow in front
ol the fixed cheeks.

Surface marked hy nunmerous medium-sized punetie, with very fine
punctae, visible only under o strong lens, hetween them.

The largest specimen ol the species has a length of 5.5 mu., with a
width at the palpebral lobes of 8 g the glahbela has a tength of
3., with a width of 2.5 mm.

This speeies diflers from the other species of the genus in its shorter,
broader elabella, and more convex lixed checks.

Formation and locality.—Upper Cambrian, lower portion of Chao
Mi Tien formation, in hard, dark limestone; 2.7 miles southwest of
Chao Mi Tien, Shangtung, China.

Colleeted by Eliot Blackwelder, of the Carncgic Institution of
Washington Kxpedition to China.

PAGODIA MACEDO, new species.

This species is represented by a single specimen of the head, exclu-
sive of the free cheeks.  Glabella elongate, subquadrangular, navrow-
ing very slightly toward the hroadly rounded, nearly transverse front,
as indicated by the east of the interior of the erust: surface marked
hy two pairs of shallow furrows that penctrate a short distance on
ench side and separate the glabella into three subequal lobes: oceipi-
tal furrow ronnded and strong; occipital rine unknown: dorsal fur-
row strong, rounded. and clearly separating the moderately convex
elabella from the sloping fixed checks. ‘

Fixed cheeks slightly convex, sloping gently from the dorsal fur-
row to the palpebral Tobe. more rapidly to the furrow within the pos-
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terior margin, and anteriorly to the front marging patpebral lobes
situated about midway hetween the front and the posterior margins of
the head, small and short, not much over once-fifth the length of the
head; frontal rim mrrow, wirve-like, and separated from the glabella
and fixed eheeks by a rounded furrow of moderate depth.,

The erust is rather thick, the outer surfuce marked by scattered
shallow punete, with very tine punctae, as shown by o strong lens,
hetween them.  Leneth of head exclusive of occipital rving, 7.5 mm,

This speeies is closely related to Dugodia lotos. TC ditfers in the
form of the frontal rimn and the more mmiform slope of the glabella
toward the front.  From /2% bl it ditfers in the more rapid downward
slope of the frout of the glabella and in the parvallel or slightly con-
fracting sides of the glibella.

Formation and locality.— Upper Cambrian, lower portion of Chao
Mi Tien formation, in gray fossiliferous limestone; Chao Mi Tien,
Shangtung, Chin,

Colleeted by Eliot Blackwelder, of the Carnegie Institution of
Wishington Expedition to China.

Genus PTEROCEPHALUS Roemenr.

PTEROCEPHALUS ASIATICA, new species.

This speeies is represented by fragments of the anterior portion of
the head and of the pyeidium.  Glabella truneato-conical, moderately
convex, narrowing eradually toward its vounded front: surface marked
hy three pairs of short furrows, the posterior of which separate rather
small oval lobes at the postero-lateral angles: occeipital furrow narrow
and shightly impressed: oceipital ring of medium width and nearly
flat: dorsal Mirrow narrow. but distinetly marked.

IFixed cheeks about two-thivds the width of the ¢labelli opposite
the palpebral lobes, slightly convex, and crossed hy strong, low, ocular
ridges; postero-lateral Himbs unknown; frontal limb very hroad and
slightly concave: just in front ol the glabella there isa faint depression,
formed by aslight change in the slope of the frontal limb, that extends
across a short distance in front of the palpebral lohe: frontal vim
narrvow, slightly rounded, and marked by irregnlar strize parallel to
the margin.

Surface of the glabella and tixed cheeks slightly ronghened by
what appear, under a strong® lens, to be very fine granulations: the
frontal limb is marked by ivregular, raised hnes that radiate from
the front of the glabella and oenlar vidges outward toward the front
marging these raised lines are very irvecular and more or less inoscu-
lating: on and near the transverse depression of the [rontal limh in
front of the glibella and ocular vidges.  On a head 23 mm. in lTength
the frontal b has o length of 11.5 mm. and the glabella and occipital
ring L1.5 mm., with a width at the palpebral lobes of 1S .
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Fragments of the pygidium associated with the head show that it
o o=
had « slender, moderately convex axis, with more than 8 rings, and
that the pleural lobes were moderately convex, tlattening out on «
broad, planulate marein, the furrows on the axis extending ot across
b = 2 >
the pleural lohes and nearly fading away on the hroad margin: a faint
trace of a very narrow, short plenral groove is shown on two of the
plenral secogments. Surface of the pyeidium slightly roughened by
what appears to he, under a strong lens, a very fine granunlation.
Lormation wd localty.—Niddle Cambrian.  In eray erystalline
o bl . o
limestone. assoelated with Damiesello blackwelders: 31 miles sonthwest
of Yen Chuang, Hsin Tai. Shangtung, China.
Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington lxpedition to China.

PTEROCEPHALUS BUSIRIS, new species.

This species is represented by two speeimens of a pyeidium that is
quite distinet from the pygidium associated with /7% wsiut/ca. 'The
axis iz elongate, slightly convex, and converging unitormly to about
half its width at the posterior end; marked by eight or more narrow,
distinet, transverse furrows that divide it into eight or niore trans-
verse rings and an clongate terminal portion.  Pleural lobes slope
gently from the dorsal furrow down toward the marging they are
marked by the continuation of the distinet transverse furrows of the
axis, that extend obliquely backward out to the margin, as far as can
be determined; there is a slight indication of a pleural groove on the
outer half of the pleural lobe. The pleural lohe is separated from
the broad border by a slight elevation of the point of union of the
border and pleural lobe, the slope of the two being approximately the
same from the margin to the axis; a sharp ridge originates on the
front side of cach pleural segment a little distance out from the axis,
and extends ont across the border to the margin. leaving a concave
space hetween the sharp ridges over the entive extent of the border;
from the elongate terminal segment of the axis a narrow, double ridge
continues hackward to the horder, which is here slightly incurved.

Surface tinely granular under a strong lens.

This species ditlers from 22 asiat/ca in the form of the segments of
the pleural lobes and margin.

Tormation and locality.—Upper Cambrian. lower portion of Chao
Mi Tien formation. in dark, compact limestone; 3 miles southwest of
Yen Chnang. IHsin Fai, Shangtung. China.

A speeimen veferred to this speeies also oecurs in the lower portion
of the Chao Mi Tien formation, two-thirds of a mile west of Tai An
Fu. in Shangtung. China.

Colleeted by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.
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Genus PTYCHASPIS Hall.
PTYCHASPIS ACAMUS, new species.

This species is represented by speciniens of the glibella and frag-
ments of the tixed cheeks.  The glabella is moderately convex at the
hack and strongly convex on the frontal lobe. 1t is divided by a
strong. backward-arching fnrrow that separates the posterior portion
as i transverse lobe and the anterior as a large lobe about as longe as
broad.  The latter is marked by two marrow, short, slightly impressed
furrows on the sides of the lobe: oceipital furrow strongly rounded,
deep, and arching forward at the center; occipital ring abont the
middle of the posterior lohe of the glabella nearly tlat, and with a
small, sharp node at the center near the back margin: frontal rim a
rounded. narrow border in front of the deep. narrow dorsal furrow:
dorsal furrow narrow and deep opposite the palpebral lobe.

Fixed eheeks vise rapidly from the dorsal furrow.  They are murrow
and convex: palpebral tobes unknown. The anterior lobe of the
glabella slightly overhangs the dorsal furrow, which is deep and
rounded.

Surface marked with low, large pustules and very faint puncte,
The type specimen of the head in the collection has a length of
11 mm. with a width of 6 mm.

This species ix characterized by the form of the large frout lobe. the
strong transverse furrows, and narrow posterior lobe of the glabella,
and its peculiar surface.

Lormation and locality.—Middle Cambrian, central portion of the
Chang Hsia formation; Chao Mi Tien. Shangtung, China,

Collected by Eliot Blackwelder, of the Carnegie Institution of
Wasbhington Expedition to China.

PTYCHASPIS CACUS, new species.

General form of head, exclusive of the free cheeks, subrhomboidal,
rounded in front. strongly convex. Glubella moderately convex over
the posterior portion, strongly convex at the frontal lobe; posterior
portion ix divided into two lohes, of about equal width. by the hroad,
rounded, transverse posterior furrow and a narrow. stightly impressed
anterior tnrrow, both of whieh aveh slightly hackward toward the
centers the frontal tobe is about as long as the two posterior lobes
and arches with uniform curve over to the dorsal furrow: it is con-
vex but not globose; it is marked about midway on cach side by a
short. very lightly impressed narrow furrow, which penetrates it at
right angles to the dorsal furrow; occipital firrow broad. strong,
and arching slightly forward at the center; occipital ring ahout as
wide ax the posterior lobe of the glabella, moderately convex, and
arching shightly forward near the center; dorsal furrow strongly
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defined at the sides and somewhat less o in front of the glabella: a
shallow pit occurs opposite the antero-lateral angle of the glabella.

Fixed cheeks narrow and convex: they slope gently hackward and
merge into the postero-lateral limb, and forward in advance of the
palpebral lobe slope rapidly downward to the rounded frontal limb;
palpebral tobes broken away. but from the form of the tixed cheek
they appear to have been about one-third the length of the head:
postero-lateral limbs about as long ax the width of the glabella, and
marked by a broad, strong furrow within the narrow postero-lateral
narein; frontal lobe and rim united to form a rounded. downward
curving frontal border of the head, sepurated from the glabella by the
strong dorsal furrow.

Surface marked by nnmervous irregularly placed pustules exeept in
the furrows of the glabella, dorsal furrow, and furrow on the postero-
lateral limbs.  The type and only specimen of the head in the collec-
tion has a length of 17 mm.. with the ¢labella 10 mm, in width and
L1 mm. long.

In size and general appearance this species may be compared with
L’ ceto. 1t differs in its strongly pustulose surface. less convex
glabella and fixed cheeks, and in the form of the frontal border of the
head. At first sight it ix appavently identical with 22 calyce, but it
differs in the form of the transverse furrows and the frontal lobe of
the glabella. which in 22 calyee is globose, like that of 22 ceto.

Formation and locality.—Upper Cambrian, upper portion of the
Chao Mi Tien formation; 2.7 miles southwest of Yen Chuang, Hsin
Tai. Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

PTYCHASPIS CADMUS, new species.

This speeies is represented hy more or less fragmentary specimens
of the central portions of the head. exclusive of the free cheeks.
Glabella moderately convex at the back and strongly convex at the
front, marked by a posterior transverse furrow that arches slightly
backward, cutting ofl’ & narrow lohe hetween it and the dorsal furrow;
anterior lobe a little longer than wide, and marked by a pair of short,
narrow furrows opposite the anterior end of the palpebral lobe: the
anterior lobe is convex, but not glohose; occipital furrow strong:
occipital ring unknown: dorsal furrow strong and rather deep.

Fixed cheeks very narrow and diappearing into the dorsal furrow
in front of the palpebral lobe: posteriorly they slope downward as an
irvegular ridge to the postero-lateral limb; palpebral lohes about one-
fourth the length of the head and marked by a deep groove within the
narrow rim: froutal imb narrow and sloping ontward and downward to
the front margin from the broad, strong. dorsal furrows; it is marked by
two transverse rows of large tubereles; postero-lateral limbs unknown.
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The surface of the head, except the furrows. is thickly covered
with large pustules. A glabella 11 mm. in lengthihas w width of
S mm.: none of the specimens ave sufliciently perfect o eive meas-
urements for the entire length of the head.

This species is eharacterized by the very narrow fixed cheeks and
strongly pustulose surface. 1t is associated with /2 calelas.

Fornuidion and locality.—Upper Cambrian, lower portion of (hao
Mi Tien formation, in a gray, somewhat coarse, fossiliferous lne-
stone: 2.7 milex southwest of Chao Mi Tien, Shangtung. China.

Collected hy EKliot Blackwelder. of the Carnegic Institution of
Washington Expedition to China.

PTYCHASPIS CALCHAS, new species.

Of this species only more or less imperfect specimens of the central
portions of the head. exclusive of the free cheeks, arve known.  Gila-
bella slightly convex on the posterior half and moderately convex at
the frontal lobe: it is divided by two transverse, rather strong, shal-
low furrows into two narrow lobes that arch slightly backward and an
anterior lobe that measures a little more than half the leneth of the
glabella; a pair of very slightly impressed and short furrows mark
the side of the frontal lobe a little hack of the center; oceipital furrow
broad, shallow, and about the same strength as the two furrows eross-
ing the glabella: oceipital ring navrow at the sides, inereasing in width
toward the eenter, where it rises at the back above the general level
of the glabella; dorsal furrow broad and rounded.

Fixed cheeks scarcely more than a very narrow ridege rising from
the broad dorsal furrow to the palpebral lobe and sloping gently hack-
ward into the postero-lateral limh and forward in front of the palpe-
bral lobe into the frontal border of the head: palpebral lobe about
onc-fourth the length of the head and marked by a strong furrow
within the narrow rim; frontal lmb nearly flat, of medium width, and
sloping forward and downward from the dorsal furrow to the frontal
margin: postero-lateral limbs about as long as the width of the gla-
bella, and marked by a broad. shallow furrow within the narrow pos-
terior margin. :

The cast of the interior surface of the test appears to he minutely
punctate under a strong lens, and fragments of the exterior appear to
be smooth.  The largest specimen of the head in the collection has a
length of about 22 mm.; w specimen IE nmm. in length lias a elibellay
5 mm. in width, with a fixed cheek a little less than 2 mm. in width
troni the sides of the glabella across the dorsal furrow to the furrow
on the palpebral lobe.

This species diflers from the deseribed species of the genus in the
low convexity of the glabella, the uniformity of the occipital and two
posterior furrows of the glabella, and the apparently smooth surface.
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Formation and locality. —Upper Cambrian. lower portion of Chao
Mi Tien forma‘ion, in a gray, somewhat coarse, fossiliferous lime-
stone; 2.7 inilag southwest of Chao Mi Tien, Shangtung, China,

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Kxpedition to China.

PTYCHASPIS CALLISTO, new species.

Of this species only the central portions of the head, exclusive of
the free cheeks, are known.  Gilabella moderately convex. and divided
into & narrow posterior lobe by a broad, rounded, deep. trausverse
furrow that curves slightly hackward, and an anterior lobe, about ax
long as wide, marked upon its lateral slopes hy two pairs of short,
narrow furrows: it is broadly rounded, alimost (ransverse in front,
and its sides are sub-parallel; oceipital furrow hroad and deep and arch-
ing slightly forward at the center; occipital ring narrow at the ends,
widening and rising gradually toward the center. which appears to
have heen clevated above the general surface of the head; dorsal fur-
rows strong and deep.

Fixed cheeks narrow, rising abruptly from the dorsal furrow and
extending Iaterally to the turrow within the rim of the palpebral lohe:
they slope gently backward to the postero-lateral limh, and more
abruptly forward to a strong furrow that separates the frontal rounded
margin of the head from the glabella: frontal limb and rim combined
in a rounded frontal border, which corresponds in its section to about
the same curvature as the section of the furrow between the horder
and the glabella; postero-lateral Timbs about as long as the width of
the glabella, and marked by a broad, rather deep groove within the
narrow posterior margin.

Surface of the cast of the interior of the test with nnmerous rather
large seattered puncte and very tine punctae seen only with the aid of
a strong lens; a fragment of the outer surface shows it to have heen
strongly punctate, with tine puncte corresponding to the punctie seen
on the cast of the interior. The largest head in the collection has a
length of 13 mm.

I'his species is strongly characterized by the broad, strong posterior
furrow and narrow posterior lobe of the glabella, and the sub-quadrate,
moderately convex frontal lobe; also the elevated occipital ring and
punctate sarface,

Forimation and locality—Upper portion of the Chao Mi Tien
formation, at the same horizon as /% cacns and 1 coto; 2.7 miles
southwest of Yen Chuang, Hsin Tai; Shangtung. China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

PTYCHASPIS CALYCE, new species.

In general form, convexity, and size the corresponding parts of this
species follow that of /2 ccto. Tt differs from the latter in having a




xo. 115, CAMBRIAN FAUNAN OF CHINA—WALCOTT. 73

strongly pustulose surface instead of irvegular. more or less concen-
tric ridges and furrows. The largest specimen of the head in the
collection has a length of 17 mm.

Forwation wnd locality. - Upper Cambrian, Chao Mi Tien forma-
tion, about the middle of the formation: 7.5 miles east of Chao Mi
Tien, Shangtung. China.

Collected by Eliot Blackwelder, of the Carnegic Institution of
Washington Expedition to China.

PTYCHASPIS CAMPE, new species.

This species is represented hy a fragment of a small head that is so
distinet in its surface granulation. large eve lohe, and frontal portion
of the head that it can not he readily confused with any other species.
The glabella is divided by two narrow, transverse. slightly backward-
enrvine furrows into two narrow lobes and a large anterior lobe that
is marked by two pairs of short, very narrow furrows on the lateral
slopes: the anterior lobe ix about as long as wide, slightly convex
hehind and strongly convex in front, but not at all globose or tnmid:
it is broadly rounded. almost transverse in front, and has parvallel sides:
frontal limb very narrow in front of the g¢labella, widening at the
sides: it is separated from a downward-sloping frontad rim hy a very
narrow transverse furrow: the frontal rim is very slightly convex,
and from two to three times as wide as the frontal limh in front of
the glabella: dovsal furrow narrow and deep on the sides, and little
nrore than a line in front of the glabella.

Fixed cheeks very narrow at the front and back and merging into a
large palpebral lohe at the center; they rise rapidly from the dorsal
furrow and arch over into the faurrow within the narrow palpebral
lobe: palpebral lobe extends from opposite the anterior pair of
furrows on the frontal lobe of the glabella back to the posterior
transverse furrow.

Surface marked by large, low. closely arranged granulations or
pustules.  This is a small species. the type specimen of the glabella
having a length of 4 mm. with a width of 2 mm.

Lormation and locality.—Upper Cambrian, Chao Mi Tien forma-
tion. about the middle of the formation; 7.5 miles cast of Chao Mi
Tien, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

PTYCHASPIS CETO, new species.

Ilead, exclusive of the free cheeks, sub-rhomboidal in outline,
strongly convex.  Glabella large. strong. with very convex frontal
lobe, sides sub-parallel, front broadly rounded: two strong glabellar
furrows cross transversely from side to side, dividing the ¢labella into
two rather narrow posterior lobes and an anterior, globose lobe that



T4 PROCEEDINGS OF THE NATIONAL MUSEUM. VOL. XX1X.

slichtly overhangs the frontal vim: occipital furrow about as strong as
the two elabellar furrows; occipital ring narrow and slightly rounded,
and elevated at the center: dorsal furrows strong and deep on the
sidex and in front of the glabella.

Iixed cheeks with the dorsal furrow about two-thirds the width of
the glabella, the fixed cheeks forming an elevated ridge at the palpe-
bral Tobe, with an elevated short ridge opposite the anterior end of
the palpebral Tohe, that is crossed by three transverse ridges, as seen
in the cast of the inmer surface: in front of the elevated portion the
cheek drops gently to the frontal rim: bacle of the palpebral lobe the
cheek slopes gently and merges into the postero-lateral limb: palpe-
hral lobe narrow. elongate, a little more than one-halt the length of
the head, and separated from the fixed check by a narrow. deep fur-
row: poxtero-lateral limh about as long as the width of the glabella at
the base, and marked by a broad, deep, rounded groove, within the
sharp, elevated. posterior margin: frontal limb very short and sloping
downward into the rounded froutal rim: the frontal limb and rim
form scarcely more than the outer horder of the strong dorsal furrow.

Outer snrface unknown, as in all the specimens the test clings to
the matrix; this latter fact indicates that it was roughened, probably
tubereulose.  The cast of the froutal lobe of the glabella shows a
number of irregular, concentrie ridges and grooves sub-paraltlel to the
frontal margin.  The largest head in the collection has a lengeth of 14
mm., with @ width at the palpebral lobes of 17 mm.: the elabella was 8
mm. in width, with a length. ineluding the oceipital ring. of 14 mm.

This species dittevs from /2% ychaspis cacus in the globose, overhang-
ing trontal lohe of the elabella, and the form of the frontal rim, fea-
tures that also separate it from /7% cadmws and 12 calchas.  From /2.
acamus it differs i the form of the frontal lobe of the glabella and
the transverse lobe hack of it.  The globose ¢labella resembles that
of I’ yranulose Owen, except that it 1s more glohose and overhangs
the frontal hovder. /7% granulosa has a ditferent form from the other
Chinese species.

Tormation cud locality.—Upper Cambrian, in the lower portion of
the Chao Mi Tien formation, in a fossiliferous, coarse gray limestone.
Chao Mi Tien: two-thirds of a mile west of Tai Au Fu: Pagoda 11ill.
a mile west-southwest of Tai An Fu: 2.7 miles southwest of Yen
Chuang, Hsin Tai, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

PTYCHASPIS, species undetermined.

There ave several species of /%ychaspis that occur in the upper
Cambrian zone that are too imperfect for description.  One of these
has the general form of /2 campe, but it differs in the exceedingly
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narrow fixed cheeks and flat trontal border. while having the same
type of pustulose surface. It occurs in the upper portion of the Chao
Mi Tien formation, at Chao Mi Tien, Shangtune, China.  Other frage-
ments representing species of this genus are too imperfect for identi-
tication or deseription.

Genus PTYCHOPARIA Hawle and Corda.
PTYCHOPARIA ACLIS, new species.

The slightly convex central portions of the head of this species are
preserved.  The species is distinguished by the breadeh of the gla-
hella in front and three pairs of short, well-defined furrows that
divide the sides of the glabella into four subequal Tohes: an oceipital
spine: and narrow rounded frontal rim, cut around in front nearly to
the median line by the facial sutures.  Ocular videe well defined.
Surtace nnknown.

Formation and locality.—Lower Cambrian, Man To formation:
Chang Hsia, Shanetung. China.

Collected by Eliot Blackwelder, of the Carnegic Institution of
Washington Expedition to C'hina.

PTYCHOPARIA (2?) BATI!}, new species.

Head, exclusive of the free cheeks, sub-rhomboidal, moderately
convex: glabella trancato-conical: & specimen with o length of t1
mm, has a width at the base of T mm.. and at the hroadly rounded,
almost transverse front of 7 nun.: very faint traces are shown of a
posterior pair of furrows: oceipital furrow nearly straicht, shallow,
rounded, and narrow: oceipital ring strong. very slightly convex. and
slightly wider at the center than at the ends; it is marked at the cen-
ter, near the occipital furrow, by a mimite node; dorsal furrow dis-
tinctly but not deeply marked.

Fixed cheeks wide and slichtly convex. nearly flat between the ola-
bella and palpebral lobe. and curved downward in front to the frontal
rim and backward to the furrow within the posterior margin: ocular
ridge narrow and low. but distinetly shown: posteriorly it passes into
the palpebral lobe; palpebral lobe small, and situated a little hack of
a transverse line drawn through the center of the head: postero-lateral
limh large, about as long as the base of the glabella is wide, and
marked hy a strong furrow within the elevated posterior margin.  The
tront of the glabella and of the fixed cheeks curves down into a shallow
furrow. trom which the frontal rim rises hefore curving over to form
a thick frontal margin, which is marked by longitudinal raised striw.

Surface smooth under a strong lens.  The largest of three speci-
mens of # head has a length of 20 mm., with a width at the palpebral
lobes of 26 mm.
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This species is characterized by its large size. concave frontal rim,
and nearly smooth elabella.  In view of the occurrence of heads of
the genus Dorypygelle at abont the same horizon, which resemble
this. the generic reference is somewhat doubtful. A somewhat sini-
lar head occurs in the upper portion of the Chao Mi Tien limestone
at about the same horizon, 9 miles north of Hsin Tai Ilsien.

Lormation and locality.—Upper Cambrian, Chao Mi Tien forma-
tion: 2.7 and 3 miles southwest of Yen Chuang, [sin Tai, Shangtung,
China. A form apparently identical was found by Mr. Blackwelder
in limestone blocks in talus at Chao Mi Tien.

Collected by Lliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

PTYCOPARIA (?) BROMUS, new species.

This species iy represented by the central portions of the head,
exclusive of the free eheeks.  Glabella moderately convex. truneato-
conical, rounded in front, and apparently without furrows; occipital
furrow transverse and clearly detined: oceipital ring strong and mod-
erately convex; dorsal furrow broad and shallow.

Fixed cheeks nearvly as wide as the ¢labella opposite the palpebral
lobe: they rise slichtly from the dorsal furrow to the palpebral lobe,
and slope gently hackward to the postero-lateral limb and forward to
the frontal limb; palpebral lohe narrow. about one-third the length of
the head: ocular ridge vounded and faintly detined: frontal limb of
medinm width, slightly convex. and sloping gently down to a rounded
furrow that separates it from the flattened frontal rim, which is abont
one-half as wide ax the frontal limbh.

The surface is slightly roughened hy minute granulations. as seen
with the aid of a strong lens.  The largest specimen of the head in
the colleetion has a length of 7 mm.

This species ix characterized hy the vounded, smooth appearance of
thie olabella, fixed cheeks, dorsal furrow, and frontal Iimb.

Formation and locality.—Middle Cambrian, Ku San shale forma-
tion; 2.5 miles southwest of Yen Chuang, Hsin Tai, Shangtung,
China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China. R

PTYCHOPARIA CEUS, new species.

Outline of head, exclusiveof free cheeks, transversely subrhomboidal,
broadly ronnded in front, convex; glabella conical, moderately con-
vex, and marked by two pairs of short, shallow furrows that extend
in but a short distance on the sides: oceipital furrow rounded. very
distinet, and continued outward on the postero-lateral limbs. where it
is stronger and deeper: oceipital ring narvow at the sides, gradually
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inereasing in width toward the center, where it is slightly convex,and
marked at the center by a minute sharp tubercle: dorsal furrow
strong and rather deep about the glabella.

Fixed c¢heeks about the same width as the glabella. moderately
convex; they stope gently from the dorsal furrow to the palpebral
lohe. and backward to the furrow of the postero-lateral imb: in front
they slope rather rapidly and merge into the frontal hmh: palpebral
lobes small and sitnated about their own length from the posterior
marein of the head: ocular ridge very faint, scarcely perceptible
except by turning the specimen in the hight: frontat limb <lightly con-
vex. sloping gently downward, and diy ided midw ay by a longitudinal
furrow that extends from the front of the glabella to the furrow within
the frontal rim: cach side of the longitudinal median furrow the frontal
horder extends outward and backward, merging into the fixed cheeks
without any interruption in the convexity of the slope; frontal rim
narvow, nearly flat. and separated from the frontal Timb by @ very
shallow eroove which is little more than a change i slope of the
frontal Hmb to the nearly tlat frontal rim: postero-lateral linbs very
short.

Surface minutely granulose wnder a strong lens, with a few seat-
tered larger granules. The Lirgest head of the species in the collec-
tion has a length of 4 mmi, with a width at the palpebral lobes of
nearly 5 mm.

This species is characterized by the longitudinal furrow in front of
the elabella, which resembles the longitudinal furrow frequently seen
in the houta] limb of the heads of Llynostus.

Lormation and locality. - Middle Cambrian, K San shale forma-
tion; 2.5 miles southwest of Yen Chuang, Hsin Tai, Shangtung, China.

Collected by Elot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

PTYCHOPARIA CONSTRICTA, new species.

The convex central pm'tiun\' of the head, exclusive of the free
checks, are subquadrilateral in outline: glabella subeylindrical. nar-
rowing slightly toward the front —only faiut indieations of ghlabelkar
furrows: oceipital furrow narrow, clearly delined hut shatlow: oceip-
ial ring strong, nurrow at the sides and broad at the center: fixed
cheeks ahout as hroad as the ¢labelk: ocutar ridges strong and merg-
ing into the rather long palpebral lobes; frontal limh well defined by
the ocular ridges and narrvow, slightly tlattened. trontal rin.

Surface shightly ronghened by minute ivregular raised lines.

Lormation and locality.—Lower Cambrian, Man To formation,
lower part of southeast slope of Hu Lu Shan; 2.5 miles south of Yen
Chuang, Hsin Tai, Shangtung, China.
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PTYCHOPARIA DRYOPE, new species.

The head representing tnix species is of the same type as that of
Ltychoparia titiana, from the hase of the Chang Ilsia formation. It
differs from it in having a more elongate glabella, which is more trans-
verse in front. It is also not probable that species of this character
would range through 2.500 feet of limestone. [t is often the case that
heads that appear to have the general features of Ptyvchoparia are
found to belong to other genera when the thorax and pygidium are
known. This species is associated with  Ptychaspis coto, Lllwnnrus -
dictys. Menoceplalus depressius, and Cyrtoceras cambria.

Formation and locality.—Upper Cambrian, upper portion of Chuao
Mi Tien formation: Pagoda Hill, 1 mile west-southwest of Tai An Fu,
Shangtung, China.

Collected by Eliot Blackwelder. of the Cuarnegic Institution of
Washington Expedition to China.

PTYCHOPARIA GRANULOSA, new species.

The cently convex central portions of the head. exelusive of the
free cheeks, are all that is known of this species. These indicate a
rather hroad. semicircular head, with small free cheeks: wide fixed
cheeks: narrvow, short, convex e¢labella and narrow, tlattened frontal
rim; elabella marked by three pairs of faintly impressed but clear
elabellar furrows; frontal space between the glabella and rim broader
than the frontal rim and slightly convex: ocular ridge narrow, clearly
detined, and merging into a rather small eye lobe.

Surface finely granulose.

Lorination wid locality.—Lower Cambrian, Man To formation:
Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

PTYCHOPARIA IMPAR, new species.

This species is vepresented by many fine specimens of the rather
convex central portions of the head.  The form of the parts preserved
is not unlike that of /%ychoparic aclis. They ditfer in heing more
convex and stronger and in the absence of an oceipital spine and the
presence of rather faint glabellar furrows.  Oecular ridge rounded
and rather strong.  Surface finely punctate.

Formation and locality.—Lower Cambrian. Man To formation.
Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.
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PTYCHOPARIA IMPAR, variety?.

This variety differs from the type of the species in having more
distinetly defined glabellar furrows, slightly nawrrower frontal rim,
and more rounded frontal margin to the glabella.  There are several
specimens of the head from one locality, which appear {o vary wnony
themselves as much as some of them vary from /% /uper. The fatter
and the forms referred to the variety come from the upper portion of
the Man To formation.

Formation and locality. —Lower Cambrian, upper portion of Man
To formation, in shaly sandstone and limestone: Chang Hsia, Shang-
tung, China.

Collected by Eliot Blackwelder. of the Carnegic Institution of
Washington Expedition to China.

PTYCHOPARIA LIGEA, new species.

Head. exclusive of free cheeks. subquadrilateral in outline, mod-
erately convex: glabella almost of the sume width from the posterior
margin to the rounded front: three pairs of furrows arve faintly but
clearly indicated: oceipital ring strong: occipital furrow ~hallow but
extended out on the lateral limbs as a strong furrow. Fixed cheeks
nearly as wide as the glabella; palpebral lobes short and <mall: ocular
vidges narrow and strongly defined; frontal Timh slightly convex to
where it merges into the broad. shallow furrow that extends nearty
out to the front margin: postero-lateral limbs rather long.

Surface slightly roughened by minute, irregular. raised lines that
an be seen only with a strong lens.

Formation and locality.  Lower Cambrian.  Middle of Man To
formation.  Chang Isia, Shangtung, China.

Collected hy Eliot Blackwelder, of the Carncgie Institution of
Washington Expedition to Chin:.

PTYCHOPARIA MANTOENSIS, new species.

Only the central portions of the moderately convex head of this
species are definitely known. 1t is characterized by the broad trontal
space and flat frontal rim: the <ides of the glabella converge slightly
toward the front margin, which ix broadly rounded: glabellar furrows
indicated by three very faint depressions on ecach side.  Occipital
furrow relatively shallow and rounded; fixed checks rather hroad;
eye lobe occupies the central third of the distance from the posterior
margin to the anterior flattened rim: ocular ridges not strongly
marked.

Surface slightly roughened hy almost niicroscopic. irregular raised
lines.

An associated free cheek has a long. slender postero-lateral spine.



S0 PROCEREDINGS OF T NATIONAL MUSEUM. VOL. XXIX.

Fovnation and locality.—Lower Cambrian.  Man To formation.
At Chane Hsia and 1 mile south, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Wishington Expedition to China.

PTYCHOPARIA TELLUS, new species.

All that 1x known of this speecies ix the central part of the head,
exclusive of the free cheeks.  The specimens oceur on the surface of
shaly lmestone. and are probably somewhat compressed: their con-
vexity is relatively slight.  Glabella large. convex, and nearly as
wide in front as at the base; three puirs of glabellar furrows are
indicated on the somewhat eroded onter surface of two specimenss
oceipital furrow shallow, narrow, and rounded, but quite distinet;
oceipital ring narrow at the sides, increasing in width and inelining
backward toward the middle, where it rises to the base of a strong
spine, which is directed npward and backward: the spine is nearly
straight, and about as long as the length of the head; dorsal furrow
clearly defined on the sides and in front of the glabella.

Fixed cheeks slightly convex and less than half the width of the
alabella; palpebral lobes rather large: ocular ridees clearly defined
and merging into the palpebral lobe; frontal limbh short, slightly con-
vex, and mereing into the flattened frontal rim, the line of demar-
cation between the two being very slight; posterior lateral limbs
small and short.

Surface unknown.

The largest head in the collection has a length of 10 mm. with a
width of 11 mm. at the outer edges of the palpebral Tobes.

This species is most nearly velated to Lonchocephalis hamulus, 1t
differs in having wider fixed cheeks and in the proportion of length of
the frontal Hmb and rim as compared with the glabella.

Lormation and locality.—Middle Cambrian. Lower portion of
Chang Ilsia formation.  Two miles south of Yen Chuang, Hsin Tai.
Shangtung. China,

Collected by Eliot Blackwelder, of the Cwrnegie Institution of
Washington Expedition to China.

PTYCHOPARIA TENES, new species.

Of this species only the moderately convex central portions of the
head are known.  Glabella prominent, moderately convex. narrow-
ing very eradually toward the broadly rounded front; turrows only
faintly indicated: occipital ring strong and bearing a broad base of a
spine that extends obliquely upward and hackward; occipital furrow
shallow on the sides and scarveely perceptible at the center; dorsal fur-
row rounded and clearly defined.  Fixed cheeks shightly convex and
about one-third the width of the glabella: the length of the palpebral
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lobes is about one-third the distance from the posterior to the front
margin: ocular ridge low, hroad, and marking guite distinetly the
division between the lateral fixed checks and the rather abrupt down-
ward slope of the short frontal limh, which merges into the vather
broad. flat, frontal rim.

Surface minutely granulose under a strong lens.  The largest head
in the collection has a length of about 6 mm.. exelusive of the oceipital
spine.  This species is distinguished by the strong. occipital spine,
laree eve lohes, narrow, fixed cheeks, and the form of the frontal vin.

Lormation and locality. —Middle Cambrian, At hase of Chang Isia
formation, just above the Man To shale.  One mile cast-southeast of
Chang Ilsia, Shangtung, China.

Collected hy Eliot Blackwelder, -of the Carnegie Institution of
Washington Expedition to China.

PTYCHOPARIA, species undetermined.

A single specimen of the central portion of a head that appears to
he closely related to 22 ¢enes ocenrs on the surface of a fragment of
limestone. It has a similar stender, long. occipital spine. narrow, fixed
checks, and flattened frontal vim. It occurs in the upper portion ot
the Chang ITsia formation, near the middle of the Chang Hsia oolitie
limestone, 2 miles south-southeast of Kao Chia Pu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

PTYCHOPARIA TITIANA, new species.

Iead subguadrilateral in outline, exclusive of the free cheeks:
moderately convex.  Glabella gently convex: broadest at the base,
narrowing midway, and with the sides nearly parallel from the center
to the broadly rounded front; glabellar furrows shallow. there are
three on each side that penetrate to the central third of the glabella
and divide it into two small central lobes, a short terminal lobe, and a
posterior lobe that is broad at the sides and nawrrow toward the cen-
tral third; oceipital furrow narrow: occipital ring narrow at the sides
and gradually thickening toward the center to form the base of a
rather strong spine of unknown length: dorsal furrow shallow, but
clearly defined.

Fixed cheeks of medinm width, about two-thirds the width of the
elabella; palpebral lobes eentral and about one-third the length from
the posterior to the frontal margins of the head: ocular ridge narrow,
clearly defined, it starts near the front line of the glabella and extends
obliquely backward and merges into the rim of the palpebral lobe;
postero-lateral limbs short and marked by a broad, shallow furrow;
troutal limb convex, promiunent, about as long as the fixed cheeks at

Proc. N, M. vol. sxix—05——¢6
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the eye lobes; at the frout it slopes into the rounded groove back of
the navrow, slightly flattened, frontal rin.

Surface slighlty roughened over the central portions; on the frontal
limh a network of fine, irregular, raised lines extends from the dorsal
tnrrow and ocular ridges to the furrow inside the frontal rim.

Obseroations.—'This species 1s assoeiated with 7 ychoparia Liostra-
cus thraso.  1ts strong frontal limb and occipital spine distinguish it
from other species.

Formation and locality.—Middle Cambrian.  Base of Chang Hsia
formation in oolitic limestone about 2 miles southwest of Yen Chnang,
and 1 mile cast-southeast of Chang Hsia, Hsin Tai, Shangtune. China.

Collected by Eliot Blackwelder, of the Carnegte Institution of
Washington Expedition to China.

PTYCHOPARIA THEANO, new species.

Head small, moderately convex: glabella subquadrilateral. mod-
erately convex, a little narrower in front than at the base, and with-
out glabellar furrows; occipital ring practically a continuation of the
¢labella. as the shallow oceipital furrow barely indicates it; dorsal
furrows narrow at the sides of the glabella, and very obseure in front
of it. \

Fixed cheeks a little wider than the glabella and nearly flat from
the dorsal suture to the palpebral lTohes; palpebral lohes large, situs
ated opposite the central portion of the ¢labella; ocular rvidges low
and broad, and very clearly defining the lateral portions of the fixed
cheeks from the frontal limb: frontal limb narrow in front of the
¢labella, sloping downward to the broad. shallow furrow that merges
into the broad, almost tlat, frontal rim; postero-lateral limbs skort; a
narrow, sharp furrow extends along their posterior margin from the
¢labella to the facial suture, just within the postertor margin.

Surface minutely granular under a very strong lens.  The largest
head has a length of 5 mmn.

This species is distinguished by the broad, flat. fixed cheeks, con-
vex, smooth glabella, large palpebral lobes, and nearly flat frontal
margin.

Tormation and locality.—Middle Cambrian. Base of Chang Hsia
formation, in gray oolitic limestone.  Chang Hsia, Shangtung. China,

Collected by Eliot Blackwelder, of the Carnegic Institution of
Washington Expedition to China.

PTYCHOPARIA TOLUS, new species.

Of this species only a single fragmentary head is known; this is
much like the corresponding parts of the head of tychoparia Liostra-
cus thraso, but it differs («) in being less convex, () in having a more
coarsely granulated surface, (¢) stronger posterior glabellar furrows,
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(d) broader fixed cheeks, and (¢) more hroadly rounded front to the
glabella.  The length of the head is 10 mm.; of the glabella, 7.
width of the head including palpebral lobes but not free cheeks,
12 mm.

Foruation and locality.—Niddle Cambrian.  Base of Chang Ixia
formation in oolitic Hmestone; 3 miles north-northeast of Hsin Tai,
[sien, Shangtung, China.

Collected by Eliot Bluckwelder, of the Carnegie lnstitution of
Washington Expedition to China.

LIOSTRACUS Angelin, subgenus of PTYCHOPARIA.
PTYCHOPARIA (LIOSTRACUS) TOXEUS, new species.

Of this species only the central portions of the head ware known.
The glabella and tixed cheeks are rather strongly convex: glabella
prominent, trnneato-conical, without furrows. except as indicated hy
a slight darkening of the snrface where the furrows usually occur;
oceipital groove narrow. but very distincet; oceipital ring narrow at
the sides, rounded, and of medinm width at the center: dorsal furrow
strong, rounded, and marked by a slight pit at the antero-lateral angle
of the glabella.

Fixed cheeks about one-half the width of the glabelly at its base;
palpebral Tobes small and situated about halt way between the posterior
and front margins; ocular ridges faintly defined.  Frontal limb narrow,
convex. and stoping downward to a deep, rounded groove which rises
in front to a strong, rounded froutal rim: postero-lateral lmbs about
one-third longer thau the width of the tixed checks, a strong furrow
extends the entive distance within the posterior margin.

The surtace under a strong lens appears to be smooth.  The largest
head has a length of 6 mu. with a width of 7 mm. at the palpebral
lobes, exclusive of the free cheeks.

This speciex may he compared with 72t ychoparia owcns, a form that
has a wide geographic distribution in the United States, and also
ranges from the Middle Cambrian into the Upper Cambrian of the
Eureka district in Nevada.©

Formation and locadity.—Middle Cambrian.  Chang Hsia formation
in the basal layers just above the shales: o mile east-sontheast of Chang
Hsia, Shangtung, China.

Collected by Eliot Blackwelder. of the Carnegie lnstitution of
Washington Expedition to China.

PTYCHOPARIA (LIOSTRACUS) TROGUS, new species.

Head small, transversely quadrilateral, exclusive of the free cheeks:
moderately convex: elabella hroadly truncato-conical and without

[0
bl

«Mon. U. =, Geol. Surv., No. 8, 1884, p. 55.
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traces of glabellar furrows; occipital furrow narrow and rather shallow,
rising on the back to the rather strong rounded occipital ring; the
latter is broad through the central portions, narrowing at the sides;
dorsal furrow rounded and well defined.  Fixed cheeks about one-half
the width of the glabella; palpebral lobes small; ocnlar vidges very
faint: froutal limb very narrow, in fact it is diflicult to decide that
the dorsal furrows do not unite with a depressed space in front of the
glabella that merges into the frontal furrow; the latter is rounded,
shallow, and detines the strong, slightly convex frontal rimi: postero-
lateral limbs short, marked with a very distinet transverse furrow,
just within the posterior margin, :

Surface apparently smooth under a strong lens.

This species differs from other forms in the very shorvt frontal limb
and flattened frontal rim.

Lormation and locality.—Middle Cambrian.  Chang Hsia limestone,
about 50 feet below the Ku San shale.  Chang Hsia, Shangtung,
China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China,

PTYCHOPARIA (LIOSTRACUS) TUTIA, new species.

Head small, stronely convex; glabella very convex, almost tumid;
truncato-conical in outline, and without traces of glabellar furrows:
oceipital furrow narrow; occipital ring strong and narrow at the sides;
none of the specimens show it entire at the center: dorsal furrow
narrow and rather deep on the sides of the glabella: not distinetly
defined in front.

Fixed cheeks about two-thirds of the width of the glabella; palpe-
bral lobes small, with their posterior end on a line with the longitu-
dinal center of the head: ocular vidges narrow but very clearly defined;
frontal limb gently convex, rather short, and very indistinetly sep-
arated from the rather broad, almost tlattened, frontal rim; postero-
lateral limbs strong but short; marked by astrong transverse furrow
just within the posterior margin,

Surface minately granulose.  The largest head in the collection has
a length of 4 mm. This very pretty little head is of the gencral type
of DPtychoparia tolus. but it ditfers in the greater convexity of the
elabella and the form of the frontal limb.

Formation and local/ty.—Middle Cambrian.  Chang Hsia limestone,
central portion. Three and one-fourth miles sonthwest of Yen Chuang,
Hsin Tai, Shangtung. China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.



NO. 115, (CAMBRIAN FAUNAS OF CHINA— WALCOTT. 85

PTYCHOPARIA (LIOSTRACUS) THRASO, new species.

Head subqguadrilateral in outline, exclusive of the free cheeks:
strongly convex; glabella prominent, convex, sides straight, and con-
verging toward the front from a width of 6 mm. at the hase to 4 mmn.
at the front in a glabella 6.5 min. long; front arched, and with a pit
in the furrow where the sides and front unite: three shallow hroad
furrows extend nearly to the center from each side, so as to divide
the surface into two narrow lobes—a terminal lobe and a strong pos-
terior lobe: occipital furrow strong and arching forward at the center:
oceipital ring narrow at the sides and gradually increasing in width to
the center; dorsal turrow narrvow and well defined. Fixed c¢heeks
narrow; palpebral lobes central, and small; postero-lateral  limbs
short and marked hy w broad strong furrow: ocular ridges low, hut
clearly detined: frontal limb short, gently convex, and sloping into a
strong, rounded furrow within the rounded, narrow, prominent fron-
tal rim.

Surface smooth under a strong lens.

A head 10 mm. in length has a width of 11 mni. at the eye lobes.

Formation and local/ty—Middle Cambrian.  Base of Chang Tlsia
formation, in oolitic limestone, about 2 miles southwest of Yen
Chnang, Hsin Tai, Shangtune, China.

Collected by Eliot Blackwelder, of the Cwrnegie Institution of
Washington Expedition to China.

PROAMPYX Frech, subgenus of PTYCHOPARIA.

Proampyr Frecm, 1902; Lethiva geognostica, 1. Theil, Lethwa Pakvozoiea, 1, p. 66.

Dr. Fritz Freeh proposed the genus Proampyx for .Anowocure
acum/inatim  Angelin on account of the projection of the frontal
border into a strong spine. e said:“ > The peeunliar very variously
formed group of Anomocare acuiinatnn? with pointed glabella,
seems to he the forerunner of cluwpyr and is called /2rowmpyr. The
difference from the typical Anowocare with rounded head shield is
striking. 'The separation of the genns Zyoampyr from the typical
Conocephalidie follows from the transitional forms Arioncllus sulca-
tus® and A, difformis.t The spine of lwpyr acuwinatis is in well
preserved examples longer than in Angelin’s illustration.  The spe-
cies reminds most of <Ly nasiutus Dalinan (Orthoceras mestone).™

Doctor Frech in his statement appears to have overlooked the fact
that the spine of the genus Ampyx is a spinose extension of the front

of the glabella, while the nasute projection of the frontal rim of

¢ Letheea geognostica, Pt. 1, Lethiea Paleozoica, 1L p. 66.
b Angelin, Tril. pl. xvn, fig. 7.

¢ Anomocare Angelin, Tril., pl. xvi, fig. 6.

dIdem, fig. 5.
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Awomocare aewmdnatun is from an entirely different division of the
head of the trilobite and in no way can he correlated or compared
with the elabella of Ampyx.  On this account it is unfortunate that
the name Proampyx was given.

A similar nasute projection of the frontal border occurs on the head
of the trilobite deseribed as Ptychoparia? pernasntns Walcott.¢ The
glabella of the latter species is quite unlike that of Proainpy.r aceni-
watvm, being more like that of Zrocmpyr burea. On this account it
ix doubtfully referred to proampyx and it is left under the genus
Ptychoparia. with Proampyx as a subgenus. until a further study can
he made of all the forms in which the frontal horder isx extended into
the nasute projection.

PTYCHOPARIA (PROAMPYX) BUREA; new species.

Head. exclusive of the free cheeks, quadrilateral in outline, convex.
Glabella convex, truncato-conical in outline, with the front hroadly
rounded: surface marked by two pairs of faintly indicated furrows:
oceipital furrow rounded, narrow. and distinet; occipital ring narrow
at the sides, of medium width, and slightly convex toward the center;
dorsal furrow of medium width rather deep and distinet.

Fixed cheeks convex, narrow. and ahout one-fourth the width of
the glabella at the palpehral tohes: they slope gently back to the pos-
tero-lateral limbs. and abruptly downward in front of the narrow
rounded ocular ridge to the trontal limb; postero-lateral Hmbs short,
marked by a shallow furrow parallel to the margin: frontal liinb
short, and rising a@ short distance in front of the glabella into a nasute-
like extension of the frontal rim, which rises up in front of the head:
to the sides the frontal limb slopes abruptly downward and forward,
forming a deep wide groove with the frontal rim; frontal vim not
separahle from the frontal limb at the sides, hut rising immediately
in front of the glabella into a broad nasute-like process, the height of
which ix unknown.

Surface unknown except on the oceipital ring, where it is marked
by irregutar, raised, inosculating lines that give it a granuloxe appear-
ance. The type and only speciuen of the head in the collection has a
length of 10 nm., exclusive of the nasute-like projection on the
frontal rin.

This speeies ix clearly distinguished hy the nasute-like projection
on the frontal rim.

Thix species differs from Drocmpye acuncinatune Angelin, in the
short frontal limh and the form of the nasute projection: also in
the form of the glabella. and other parts of the central portions of
the head.
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Formation and local ity.—Upper Cambrian, base of the (‘hao Mi
Tien fornation, in a coarse, fossiliferous gray limestone, 3 miles south-
west of Yen Chuang, [sin Tai, Shangtung, China.

Collected hy Eliot Blackwelder, of the Carnegie Institntion of
Washineton Expedition to China.

Genus SHANGTUNGIA, new genus.

As there is but one species of this genns, the description of the
species includes all that is known of the genns and species. The
cenus is characterized by the large palpebral lobes. smooth. truncato-
conieal glabella, and the long spinose extension of the front, which ix
unlike that of Ampyx, as the latter proceeds from the glabella, while
the spine of Shangtungia is from the frontal rim, in the same manner
as that of rovnpye vciominetun Angeling bt it differs radically
from the latter genus and species in the character of the glabella and
palpebral lobes.

(enotype—Shangtingia spinifera.

SHANTUNGIA SPINIFERA, new species.

Outline of head, exclusive of free cheeks and frontal spine, fub-
rhomboidal, moderately convex.  Glabella truneato-conical, slightly
longer than its width at the base: at the postero-lateral angle of the
glabella a small, low lobe extends out into and partially fills ap the
dorsal furrow; there is also a slight pit in the dorsal furrow opposite
a point where a second glabellar furrow usnally oceurs m similar gla-
bellie; occipital furrow narrow. distinetly defined at the sides, but
very shallow near the center: occipital ring slightly convex, strong.
and of equal width from side to side; dorsal furrow deep at the sides
and scarcely perceptible in front of the glabella.

Fixed checks about two-thirds as wide as the glabella: they rise
abruptly from the deep dorsal furrow, aud then slope upward to the
palpebral lobe; back of the palpebral lobe they drop somewhat
abruptly to the postero-lateral limbh, and in front to the furrow
between the frontal limb and rim: ocular ridge very slight, scarcely
perceptible in most specimens; palpebral lobe large, rounded. and
rising at the margins above the level of the fixed cheeks: rim of the
broad marginal border with an inward slope toward the fixed cheelks,
bt not any well defined furrow such as usnally oceurs on the palpe-
bral lobes: the length of the palpebral lobe is about one-halt of the
distance between the furrow in frout of the frontal hmb and the pos-
terior margin of the head; postero-lateral limb slender, and extending
wore than the width of the glabella outward from the dorsal furrow:
frontal limb very short and scarvcely separable from the downward
slope of the front of the glabella: at the sides it merges into the fixed
cheeks; 1t is separated from the frontal rim by a peculiar transverse
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furrow; the latter is formed of two slightly forward arching, nar-
row furrows in front of the fixed checks, that merge into a very
shallow furrow in front of the glabella; the central portion of the
furrow arches slightly backward; the furrows are deepest opposite
the antero-lateral angles of the glabella: frontal rim sub-triangular
in outline, nearly flat, and extending forward at the center to form
the hase of a long, slender, rounded spine.

Surface minutely punctate under a strong lens. A head 7 mnu in
length, exclusive of the frontal spine, has a width of % mn. at the outer
margin of the palpebral lobes; the glabella is 2.5 mm. at the base, and
with the occipital ring is 5 mm. in length, the flat frontal vim and spine
of a head of about the same size has a length of about 8 mn., the
spine, at the point where broken off, having a width of | mm.

1 do not know of any other form closely related to this species.
Lrocupyr acuminatus: Angelin has a similar nasute projection on the
frontal rim, hut it differs in the form of the glabella and palpebral
lobes and other details of the head. The same is true of the species
described as Ptychoparia pernasutus Walcott.

Formation and locality.—Middle Cambrian, Ku San shale forma-
tion; 2.5 miles southwest of Yen Chuang, Hsin Tai, Shangtung. China.

Collected by Eliot Blackwelder; of the Carnegie lustitution of
Washington Expedition to China.

Genus SOLENOPLEURA Angelin.
SOLENOPLEURA ABDERUS, new species.

This species is represented by the glabella, occipital ving, fixed cheelk,
and frontal rim. It is most closely related to S. «cantha. hut differs
in the narrower fixed checks, and short, rounded, frontal rim. The
surface is also marked by larger and many more pustules. which are
scattered more or less irregularly over the surface. Three pairs of
short glabellar furrows are faintly indicated upon the rounded sides of
the somewhat convex glabella. 'The type specimen has a length of 8
mm., and a larger head associated with it of 12.5 mm.

Formation and locality.—Middle Cambrian, upper portion of the
Chang Ilsia formation, just beneath the Ku San shale. in a gray. rather
coarse limestone; Chang Hsia, Shangtune, China.

Collected by Eliot Blackwelder, of the Cwrnegic Institution of
Washington Expedition to China.

SOLENOPLEURA ACANTHA, new species.

General form of head, exclusive of free cheeks, transversely rhom-
boidal and rather convex. Glabella prominent. convex, truncato-
conical, with width at the base and length about the same; a short,

aMon. U. 8. Geol. Survey, VIII, 1884, p. 49, pl. x, fig. 8.
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strong furrow marks ofl two small, sub-trianglar lohes at the postero-
[ateral angle: a second pair of slightly marked furrows ocenrs upon the
sides, next to the dorsal furrow, about midway of the leneth of the
elabellas the sides slope inward from the base, so as to vednce the
width of the rounded front to abont two-thirds that of the base; oceip-
ital furrow narrow. transverse, and deep; oceipital ving narrow at the
sides, broadening toward the center, where it is thick and convex:
dorsal furrow very distinet at the sides and front.

Fixed checks convex, but much lower than the glabella: they are
about as wide at the palpebral lTohe ax the width of the ¢labella in
front: their appearance of convexity is given hy their downward slope
toward the frontal rim and backward to the furrow just within the
posterior marging palpebral lobe small, situated about midway of the
fixed cheek: no traces of ocular ridges ave shown: a strong, slichtly
rounded, frontal riny is sepavated from the ¢labella and fixed cheeks by
a narrow, rounded, transverse furrow: postero-lateral limh short, and
marked by a narrow. deep furrow just within the raised vosterior
margin.

Surface marked by strong pustules in all parts with the exception
of the dorsal furrow and furrow bhack of the frontal rim.

In general form this species resembles Soleioplenra agno and S,
abderus, It differs from the former in the shape and convexity of
the glabella and hroader fixed cheeks and from the latter in the shape
of its ¢labella, fixed cheeks and frontal rim.

Lormation and local ity. —Middle Cambrian, Chang Hsia formation,
just helow the Ku San shale; Chang Hsia, Shanetune, China.

Collected by Eliot Blackwelder, of the Cawrnegie Institution of
Washington Expedition to China.

SOLENOPLEURA ACIDALIA, new species.

The description of S. agno applies to thisx species, except that it
does not have the short frontal limh of the latter, and its frontal vim
ix nearly tlat instead of rounded. The surface is =mooth with the
exception of a few large, low, scattered pustunles. The head of the
type and only specimen in the colleetion has a length of 4 nun.

[ormation and lovality.—Niddle Cambrian, central portion of the
Chang Hsia formation, in a compact, dove-colored limestone: Chany
I1sia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

SOLENOPLEURA AGNO, new species.

General form of head, exclusive of free cheeks, transversely sub-
rhomboidal, convex.  Glabella as fong ax the width at its hase, the
sides converging from the base toward the rounded front, so as to
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narvow the elabella about one-fourth: a very slight trace of a short.
posterior pair of furrows can be seen by reflected light; occipital
furrow well defined by the downward curvature of the posterior mar-
ain of the glabella, and rising of the surface of the occipital ring: the
latter is narrow at the sides, gradually widening toward the center,
which is most elevated a little in front of the posterior margin: dorsal
furrow narrow. but clearly detined at the sides in front of the glabella.

Fixed checks about one-half the width of the ¢labella at the center,
vather convex, and sloping somewhat abruptly to the frontal rim;
palpebral lobe small, sitnated about midway of the cheeks: postero-
lateral limbs unknown: froutal limbh very narrow in front of the gla-
hella, convex, and curving down to the hroad groove within the strong,
rounded, frontal rin.

Surface marked by low pustules that give it a ronghened appear-
ance.  The type and only specimen of the head in the colleetion has a
length of 6 m.

Thisx species is characterized hy its broad, short glabella, narrow
frontal limh, and peculiar granulose surface.

Formation and locality.—NMiddle Cambrian, npper portion of the
(‘hang Hsia formation, just beneath the Ku San shale, in a rather
course, light-gray limestone.  Chang Hsia. Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegic Institution of
Wishington Expedition to China.

SOLENOPLEURA BELUS, new species.

This species is represented by a fragment of the head that includes
the ¢labella and fixed cheeks.  The glabella is moderately convex and
nirrows slichtly toward the rather hroadly rounded tront; the surface
is marked hy a pair of short, oblique, posterior furrows and one ante-
rior pair at about the anterior third; oceipital furrow narrow, distinet,
arching forward at the center and considerably deeper toward the end;
oceipital ring clearly defined, of moderate width, and slightly convex;
dorsal furrow narrow and clearly detined.

Fixed cheeks narrow. searcely more than a ridge between the dorsal
furrow and the palpebral lobe: posteriorly they slope downward to a
long postero-lateral limb and anteriorly drop rather rapidly to the
frontal limb; palpebral lobe a little more than one-third the length of
the glabella: postero-lateral limb about as long as the width of the
glabella in front. deeply grooved along its center by a furrow parallel
to the elevated posterior margin: frontal limb short and slightly con-
vex in front of the glabella: it passes into a shallow furrow within a
slightly rounded frontal rim: the latter is hroken away except at the
ends.

Surface marked by nnmerons scattered, rather small pustules.
Length of head 6 mm., with a width at the palpebral lobes of 5 mu.
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Thix species at first suggests N, «gno, but diflers from that and other
species from Chinain its very nairow fixed cheeks and relatively lavoe

palpebral lobes.

Formation and locality.—Niddle () Cambrian lmestone and shale,
probably of the Ku San shale horizon, just helow the Chao Mi Tien
formation. at an elevation of 330 feet above the Waon o River, 12
mites S, 80 1. of Tai An Fu, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

SOLENOPLEURA BEROE, new species.

The deseription of the general form S. wyno applies very closely to
thix species. It diflers from the latter in its hroader fixed cheeks,
shorter frontal limb. more cleavly marked glabellar furrows, and
minutely pustulose surface.  The type and only specimen of the head
in the collection has a length of 4 mm.

Lormation wnd locality. —Upper Cambrian, Chao Mi Tien forma-
tion, in a compact, gray. very fossiliferous limestone; 2.7 miles south-
west of Yen Chuang, Hsin Tai, Shangtune. China.

Collected by Eliot Blackwelder. of the Carnegic Institution of
Washington Expedition to China.

Genus DIKELOCEPHALUS Owen.
DIKELOCEPHALUS (?) BAUBO, new species.

The deseription of Dikclocephalus (2) hrizo applies to this form,
with the exception that /2. (2) baudo has 0 more rounded front to the
clabella, and its frontal rim and border vary somewhat in form.
In 2. (2) baubo the palpebral Tobe is preserved, and shows it to have
been relatively small and short and marked just within the rim by a
rather deep furrow. A head of /2. () bawbo 16 mm. in length has a
glabella 12 mm. in length, frontal rim and limb 2 mm.. and oceipital
furrow and ring 2 mm. in length; the glabella has a width of 9 mm.
opposite the palpebral lobe.  The sarface is marked by strong scattered
pustules over the glabella; but with little trace of them on the fixed
cheeks and frontal rim.  The two specimens of the head of this species
in the collection vary somewhat in the form of the frontal rim, it
being nearly flat in one and slightly concave in the other.

The most nearly related form is 7. (2) hrizo.

Tormation wnd localdy.—Upper Cambrian, upper portion of the
Chao Mi Tien formation, in a compact, hard, tossiliferous, gray lime-
stone: L7 miles southwest of Yen Chuang, Hsin Tai, Shangtung,
China.

Collected by Eliot Blackwelder, of the Carnegie Lnstitution of
Washington Expedition to China.
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DIKELOCEPHALUS (?) BRIZO, new species.

This species is represented by the anterior portions of a large,
moderately convex head, exclusive of the free cheeks.  The glabella
is subqguadrilateral, with the sides slightly incurved and the front
nearly transverse: it is marked by a strong pair of posterior furrows
that penetrate obliquely hackward nearly to the median line; a sccond
pair incline slightly backward and penctrate to about one-third the
distance across: a third pair, narrow and very slightly impressed,
extend in at right angles to the sides a little less than one-third the
distance; oceipital turrow well defined, with a slight, clongate, pit-like
depression at the anterior lateral angles of the glabella.

Iixed cheeks very narrow, not much more than a ridge opposite
the palpebral lobes; palpebral lobes unknown: ocular ridge rounded,
and dividing the fixed cheek into the flat posterior portion and the rather
rapidly sloping frontal portion that passes down into the concave
frontal limh: frontal limb short. concave, and bordered by a rounded.
thick, frontal rim. 'Fhe fragmentary specimens representing this
speeies indicate a length for the glabella of 22 mm., with a width in
front of 14 mm.: the concave frontal limb has a length of 2.5 nmmi.,
and the thickened. rounded rim has a length of about 1.5 mm. The
fixed cheek at the palpebral lobe has a width of 2 mm.

Surfuce marked by numerous miore or less irregularly placed strong
pustules. except in the dorsal frorow and the concave frontal limh.
This species is somewhat doubttfully referved to 2Dikielocephalus.  The
form of the glabella, frontal rim, and narrow fixed checks suggest
Dikelocephalus, but the strongly pustulose swrface is not character-
istic of the typical forms of the genus.

Toruiation and locality.— Upper Cambrian, lower portion of the
Chao Mi Tien formation, in coarse, gray, fossiliferous limestone;
Chao Mi Tien, Shangtung, China.

Collected by Eliot Blackwelder. of the (arnegie Institution of
Washington Expedition to China.

Genus CREPICEPHALUS Owen.
CREPICEPHALUS DAMIA, new species.

ITead semicircular in outline, with the postero-lateral angles termi-
nating in round, somewhat incurved. spines.  Glabella moderately
convex, with the sides narrowing slichtly toward the front, which is
hroadly rounded; length a little greater than its width at the oceipital
furrow; marked by three pairs of furrows; posterior pair extend
obliquely inward and baekward =o as to almost separate a triangularly
shaped lobe; second pair rather faint, extending directly inward a dis-
tance of about one-third the width of the glabella, and then curving
slightly backward: anterior pair very faint; occipital furrow rather
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broad and strongly detined; oceipital ring nwrrow at the ends, rounded,
and rather strong in the central portions; dorsal furrows clearly
defined on the sides, but obscure in front of the glabella.

Fixed cheeks about one-halt the width of the glabella; posteriorly
they slope downward into postero-lateral limbs that are about twice as
long as the width of the fixed cheeks: toward the front the fixed cheeks
slope abruptly downward and merge into the frontal limb: ocular
ridges low and broad, merging into the strong palpebral lobe: postero-
lateral limbs ¢rooved near the posterior margin by a strong furrow:
frontal Hinh short, almost flut, and sloping abruptly from the front of
the glabella down to the strong, nearly flat. frontal rim: the hody of the
associated free cheek is subguadrilateral in outline, marginal borders
strong, clearly detined, and produced behind into a strong, slightly
curved, rounded spine.

Thorax unknown.

The associated pyveidium is quadrilateral in outline, exclusive of the
strong. slightly diverging postero-lateral spines, which are a little
longer than the length of the pygidiumng sides of the pyeidium =ub-
parallel or slightly diverging towuard the base of the spine; posterior
margin nearly transverse: axial lohe prominent, convex, and reaching
nearly to the posterior margin: the sides converge slightly toward
the bluntly pointed posterior end; divided hy three transverse furrows
into three seements and a strong ternmiinal portion, which is marked at
the point where the axis slopes abruptly downward by the small node
on each side: the pleural lobes are limited to a rather laree anterior
lobe and an obscure secondary lobe, which appears to merge hack-
ward into the postero-lateral spine.

Surface apparently smooth under a strong lens; a few seattered
puncte occur on the glabella. The largest head has a length of 10
mm., with « width of 12 mm. at the palpehral lobes.

This species differs from Creplcephalus invensis, to which it appears
to be most nearly related, by the form of the frontal limb and rim of
the glabella and other details; the pyeidinm is not as broad, and itualso
differs in outline.

Lormation and locality.—NHddle Cambrian, Chang Hsia formation,
near upper part, in a dark oolitic limestone: in cliffs 1 mile cast of
Chang Hsia, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegic Institution of
Washington Expedition to China.

CREPICEPHALUS MAGNUS Walcott.

The only portions of this species in the collection are a fragnient of
the posterior portion of the ¢labella and the outer portion of a large
free check; the fragment shows that the glabella had a width at the
base of 12 mm.; also, that there was a narrow, strong oceipital groove

-
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and an oceipital ring over 3 mm. in width. The surface of the frag-
ment of the glahella is marked by strong pustules, which give it a
somewhat granulose appearance.  The cast of the fragment of the
interior of the free cheek indicates that it was pustulose and that the
postero-lateral angle terminated in a long. curved spine.

The two fragments deseribed are so distinetly marked by the coarse
eranulation and the free cheek by its curved terminal spine that
there is little danger of confusing it with any other species.

Formation and locality. —Middle Cambrian, Chang Hsia formation,
in o dark oolitic hmestone toward the lower portion of the formation;
amile east of Chang Hsia and Chao Mi Tien, Shangtung. China.

Collected by Eliot Biackwelder, of the Carnegic Institution of
Washington Expedition to China.

Genus DOLICHOMETOPUS Angelin.
DOLICHOMETOPUS ALCESTE, new species.

This species ocenrs at the same locality as 2. deois, but not in the
same bed of limestone. [t ditters from /Z). deoss in having a much
more convex glabella, with nearly parallel sides.  Glabella marked hy
@ posterior pair of furrows, extending inward and backward so as to
nearly ent oft u small subtriangular lobe at the hase of the glabella,
also three pairs of short, faintly impressed furrows that extend in at
right angles to the side of the glabella: oceipital furrow and ring
unknown: dorsal furrow shallow. but well detined.

Fixed cheeks very narrow: they slope down into the strong furrow
just within the narrow palpebral lobe and anteriorly slope down to
the frontal limb: the rim of the palpebral lohe erosses the narrow free
cheek, forming a very short ocular ridge: frontal limb short, nearly
flat.  The elabella of the only specimen of this species has a length of
12 mm., with a width at the ocular ridges of S mun.; the frontal limb
has a length of 1.5 mm. The exterior surface under a strong lens
shows u few fine scattered punctae.  The inner surface of the frontal
limh where exposed by @ hreaking away of a portion of the shell is
strongly punetate.

Lormation and locality. —Middle Cambrian; near the base of the
Chang Hsia formation. in a gray limestone in which great numbers of
Ngnostus chinensis; Dames, oceur; 3 miles sonthwest of Yen Chuang,
Hsin Tad, Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegic Institution of
Washington Expedition to China.

DOLICHOMETOPUS DEOIS, new species.

This species is represented by the central portions of the head.
Glabella and fixed cheeks moderately convex; glabella prominent,
moderately convex, and marked by three pairs of rather short, very
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faintly impressed furrows: the sides of the glabella ave sub-parallel
tor a short distance near the base and then are gently inclined outward
to the rounded front margin; occipital furrow shallow. rounded. and
mmerging into the strong occipital ring, the latter is narrow at the
sides broadening rather rapidly to the hase of a small, backward slop-
ing occipital spine: the front the glabella curves rather abruptly down-
ward, which gives the anterior portion w convex appearance; dorsal
furrow shallow and distinetly defined at the sides of the elabella.

Fixed cheeks narrow and slightly convex and sloping posteriorly
downward to an clongate postero-tateral limb: in front of the pal-
pebral lobe the checks slope abruptly down to the frontal limb:
palpebral lobes a little longer than one-third the length of the head.
There does not appear to be any definite ocular vidge.  The elevated
rim of the palpebral lobe approaches closely to the dorsal furrow,
where it 15 merged into the downward slope of the fixed cheek:
frontal limb short and slightly convex.

Surface apparently smooth nnder a strong lens.

On the anterior portion of a cast of the elabella there ix indicated
a very short fourth furrow close to the antero-lateral angle: the sume
specimen also shows what is the frontal limb in other heads divided
into a short frontal limb and a narrow. slightly upturned rim.  The
largest head in the collection has a length of 17 mmn.

This species differs from the type of the genus /). spce/eus Angelin in
the greater convexity of the glabella, more convex frontal limh, and
other minor details of the glabella and fixed checks: from 7). /e it
differs in the greater expansion of the glabellu in front, and from /7).
derecto in the conticuration of the frontal limb.

Formation and locality. —Middle Caanbrian.  Newr the base of the
Chang Hsia formation in a gray limestone, which earvies ereat num-
bers of lynostus c¢hincnsis Dames. Three miles zouthwest of Yen
Chuang and 3 miles west of Kao Chia Pu, Hxin Tui. Shangtune. China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

DOLICHOMETOPUS DERCETO, new species.

This species is known only by the central portions of the head.
exclusive of the free cheeks. Glabella moderately convex and
expanding slightly in width from the hase to the rounded front; the
surface is marked by two pairs of rather strong. short furrows oppo-
site the palpebral lobe: oceipital ring strong and rather deep: oceipi-
tal ring narrow at the sides. rising and widening to torm the base
for a small, sharp, occipital spine; dorsal furrow strong on the sides
of the glahella.

Fixed cheeks narrow, convex: palpebral lobe narrow, elongate.
almost touching the dorsal furrow in front; postero-lateral Timh of
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medium length marked by a strong furrow parallel to the posterior
marging frontal limb narrow. slightly coneave, and almost concealed
by the overhanging, almost tumid frontal portion of the ¢labella.

Surface smooth under a strong lens.  The largest of the three heads
representing this species has a length of 7 mm. exclusive of the
oceipital spine.

Lorination and locality.—Middle Cambrian.  Lower portion of
Chang Hsia formation in a drab-colorved limestone, intercalated in
green nodular shale. “At Yen Chuang and 2 iles south.  FHsin Tai,
Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

DOLICHOMETOPUS DIRCE, new species.

Only the eentral portions of the head of this species are known.
It ditfers from 7). deois in the nearly parallel sides of the elabella, the
absence of glabellar furrows, and very short, almost flat frountal limb.
The occipital lobe is nearly one-half the length of the head.

Surface under strong magnifier smooth.  The type specimen of the
head has a length of 11 mm.

Foruation and locality.—Middle Cambrian.  Near the npper por-
tion of the Chang llsia formation. Two miles cast of Chang Hxia,
Shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

Genus ILLANURUS Hall.
ILLANURUS CANENS, new speciles.

Head. exelusive of the free cheeks, sub-rhomboidal in outline, mod-
erately “convex.  Glabella sub-quadrate, moderately convex, length
and width the same. without perceptible oceipital or dorsal furrows;
palpebral lobes small, with their anterior end opposite the center of
the glabella: frontal margin broadly rounded; postero-lateral limbs
short and subtriangular in outline; the facial suture; entting the frontal
vilm on a line with the base of the palpebral lobe. passes directly to the
anterior margin of the palpebral lobe; it encireles the latter, and theun,
curving gently outward, passes in an almost direct line to the posterior
lateral margin of the postero-lateral limb.

Surface minutely punctate under a strong lens.

The pygidia associated with the head parts are rounded, subtriangular
in outline, and about two-thirds as long as the width at the anterior
margin, rather convex, and marked on the interior of the cast by a
faintly defined, rather narrow axis, and very slight traces of ten or
more transverse furrows on the axis, that are more faintly indicated
for a short distance on the plenral lobes.
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Ilw Luuo\t head in the collee tlon has w length ()t I4 mn., with the
saune width at the palpebral Tobes; a pyeidinm 14 mm. in leneth has
a width of 20 mm.

This species appears to he most nearly related to /7amurus cirek-
enses. which oecurs at the hase of the Ordovician in the Eurek:
district of Nevada. but it differs in the smaller palpebral lohes, which
are situated farther back on the head: and it differs from /. c¢eres in
its proportionately longer head.

Thix species is guite widely distributed in the Upper Cambrian line-
stone. in association with the following trilobites: [l%wnirns dictys,
Menoceplal s depressius, Pagodia biv. I lotos. Plychaspis coto.

Lormation and lToculity.—Upper Cambrian, lower portion nf the
Chao Mi Tien formation. At Chao Mi Tieu: 7.5 nlll(\ east of ('hao
Mi Tien: at Pagoda THIL 1T mile west southwest of Tai An Fu: and
two-thirds of w mile west of Tai An Fu, Shanetune, China.

Collected by Elot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

ILLANURUS CERES, new species.

Head, exclusive of the free cheeks. rounded suhguadrate, moder-
ately convex: the posterior margin of the head curves slightly upward
opposite the elabellas where there is w slight thickening which gives
the appearance of a narrow occipital ring: the front margin of the
head is broadly carved.  Glabella very faintly outlined on the interior
of the cast: as thus shown it has a width at the hase of 6 mm. and at
the front of 4.5 mm. ona head 11 mm. in length; its somewhat rounded
front ix about I mm. from the frontal rim of the head: no traces of
elabellar furrows have bheen observed. and in ouly one specimen can
the very faint dorsal furrow that outlines the glabella he seen.

Fixed cheeks of the sanie specimen 3 mm. in width at the palpebral
lobes, from which they extend with almost uniforn width to the front,
and broaden slightly backward hefore merging into the short, trian-
gular postero-lateral limbx: palpehral lobes small and situated back of
a line passing through the transverse center of the head.

The associated pyveidium in the same fragment of rock is rounded
subtriangular in outline, moderately convex, and without any indica-
tion of an axis except a very narrow. slichtly marked median rvidee on
the cast of the interior; a specimen 11 mum. in length has a width
of 16 mm. at the front mwrgin: a very slight clevation of the front
marein near the center indicates that the axial lobe of this specimen
had a width of about 6 mm.

Surface minutoly hut not closely punctate under a strong lens.

« Mou. U, 8. Geol. Sarvey, VI 1884, p. 97, pl. xn, figs. 4 and 4a.

Proe. N. M. vol. xxix—05——7
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This speeies ditfers from /. conens by the greater width of the head
at the palpebral lTohes and less convexity; the assoeiated pygidimm is
less convex, more subtriangular in outline. and without the indication
of a central axis.

The associated speciex on the same hand specimen are 7% ycaspis coto
and ;lnu//ui(‘///‘/'//(/ corine.

Formation and locality.—Upper Cambrian, lower portion of Chao
Mi Tien formation. in gray. erystalline, fossiliferous limestone: Chao
Mi Tien, Shangtung. China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.

ILLANURUS DICTYS, new species.

Nead. exclusive of the free cheeks, rounded. subguadrate. gently
convex: the posterior margin of the head curves slightly upward
opposite the central portion, where there ix a slight clevation which
gives the appearance of a narvow oceipital ving: the front margin of
the head is broadly rounded, with a very hroad obtuse angle at the
conters the cast of the interior of the erust showsa very faint, low,
longitudinal median ridge.  The glabella ix not defined from the fixed
cheeks.  The palpebral lobes are small and sitnated nearly opposite
the center of the head: postero-lateral limbs small and short.

Surface smooth under a strong lens.

The associated pyeidium is transverse, rounded. subtriangular:
front broadly rounded: sides gently rounded, forming a rounded
obtuse angle at the posterior margin: the east of the interior of the
crust shows a narvow. slightly defined axis. with eight or more very
faint transverse furrows and rings. The pleural lobes are gently
convex and without any trace of furrows.

A head 6 mm. in length has an equal width at the palpebral lohes.
A speeimen of the associated pygidion 7 mm. in length has a width
of & mm. at the front margin. '

Thix species differs from //lwnnrus cores in the obtusely pointed
front margin of the head and its less eonvexity.  From [/lwnnrus
canens it differs in the dirveetion of the faeial sutures from the front
margin back to the palpebral lobes; the sutwves of //lwivrus dictys
extend slightly outward from the base of the palpebral lobe to the
margin, while those of 7/wwnrus canens extend direetly forward,
making the central portion of the head narrower at the front margin.

Formation and locality.—Upper Cambrian. Central portion of
Chao Mi Tien formation, Pagoda hill, 1 mile west and southwest of
Tai An Fu. shangtung, China.

Collected by Eliot Blackwelder, of the Carnegie Institution of
Washington Expedition to China.
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OSTRACODA.
Genus BRADORIA Matthew.
BRADORIA BERGERONI, new species.

General outline broadly semicliptical.  Hinge line straight. nearly
as wide as the breadth of the valve: anterior cardinal angle ahout S0
posterior cardinal angle slightly obtuse: the anterior margin is very
slightly curved from the angle to where it merges into the hroadly
rounded front; posterior marein somewhat broadly rounded from the
angle to the front.  Surface convex, the greatest convexity heing hack
of the transverse center between the ocular taberele and the posterior
fourth of the valve. Iromn this elevated portion the surface slopes
apidly and somewhat abruptly to the hinge line and more gently to
the lower margin.  From the anterior cardinal angle a very short.
narrow ridge extends to a small. civeular. slichtly elevated tubercle
which is sitnated about an equal distance from the hinge line and the
anterior marein.  The anterior. posterior. and lower margins have
a narrow. rounded rim that ix slightly flattened on the inner side.

surface marked by shallow scattered punete and very fine punctu.
as seen under a strong lens.

Width of valve 1.8 mm.: length 1 mm: depth about 0.5 mm.

This species is distingnished from 5. sterope by its greater width
and the form of the ocular tubercle.

Loruation and locality.—Middle Cambrian; compaet. hluish-gray,
thin-bedded limestones; from shingle on gravel bar in the Lan Ho. 1
mile south of Chén Ping Hsien, southeastern Shensi, China.

Collected by Bailey Willis and Eliot Blackwelder. of the Carnegie
Institution of Washington Expedition to China.

BRADORIA ENYO, new species.

General outline irregularly oval. Hinge line about four-tifths the
width of the valve. Anterior cardinal angle nearly a right angle;
posterior cardinal angle slightly obtuse; the anterior margin extends
from the angle almost directly downward to where it curves and
merges into the broadly rounded lower margin: posterior margin
very slightly rounded from the angle downward to where it curves
and merges into the lower margin.  Surface moderately and uniformiy
convex, the highest portion being near the center: a very short. nar-
row, low, and somewhat obscure ridge extends obliquely inward from
the anterior cardinal angle toa small. slightly elevated ocnlar tuber-
cle: a shight furrow appears to extend from the tubercle obliguely to
& point about midway of the hinge line: a little posterior to this and
near the hinge line there appears to be a minute low tubercle.

The surface appears to be minutely punctate under a strong lens.
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Width of valve 1T mm.: length 0.75 mm.; depth about 0.25 mim.

This species ix distinguished from Z. sterope by the difference in the
form of the anterior cardinal angle and the position of the ocular
tuberele.  The latter is in about the same position as the tubercle on
L. hergerond, but Be bergerond is quite different in its outline and
convexity.

Lormation and locality.—Middle Cambrian: compact. bluish-gray.
thin-bedded limestone: from shingele on gravel bar in the Lan Ho. 1
mile south of Chén Ping Hsien. southeastern Shensic China.

Collected by Bailey Willix and Eliot Blackwelder, of the Carnegie
Institution of Washineton Expedition to China.

BRADORIA ERIS, new species.

General outline obliuely semicivenlar.  Hinge line straight: ante-
rior cardinal angle about 70°; posterior cardinal angle slightly obtuse;
anterior margin nearly straight to where it merges into the rounded
fower margin: posterior margin gently rounded from the angle down
to where it merges into the lower marein.  Surface moderately con-
vex. with the highest point at the tuberele a little in front of the cen-
ter: & very narrow rim extends from the posterior cardinal angle
aronnd to the anterior side, where it broadens out and continues to
the anterior cardinal angle: a slight narrow ridge extends obliquely
inward a short distance from the anterior cardinal angle to a furrow
that extends from the hinge line at vicht angles a short distance: the
ridge and furrow ontline a small lobe: from the inner angle formed
by the furrow and ridge deseribed a very narrow ridge extends down-
ward subparallel to the anterior margin to the base of a strong,
clevated tuberele or spine that ix situated on the anterior third a little
in advance of the transverse center of the valve.

Under a strong lens the surface appears to be slightly roughened
by shallow punctie.

Width, 2 mm.; length, .5 mm.: depth. abont 0.5 mm.

This species ditfers from Bradoriu sterope in the outline of its valve
and the presence of an elevated tuberele near the center.

Lormation and locality.—Middle Caunbrian: compact, bluish-gray.
thin-bedded limestone: from shingle on gravel barin the Lan 16, 1
mile south of Chén Ping Hsien, southeastern Shensi, China.

Collected by Bailey Willis and Eliot Blackwelder, of the Carnegie
Tnstitution of Washington Expedition to China.

BRADORIA FRAGILIS, new species.
Ilinge line nearly ~traight. about one-fifth shorter than the width of
the valve.  Posterior eardinal angle obtuse, with the marginal curve

fong and passing into the broad curve of the lower end of the valve;
anterior cardinal angle about 75-, with the anterior margin nearly
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straight to where it merges into the hroad curve of the lower part of
the valve.

surface of the valve wrinkled to such an extent that it looks like
wrinkled parchment.  What may be an ocular tuberele occurs a short
distance from the hinge and anterior margin.  Surface minutely
punctate under a strong lens.

Width, 2.25 mm.: length, 2 mm.: depth unknown. ax the flexible
test has heen compressed.

This species differs from Alwta fewddis Matthew @ in having a straight
hinge line: in thisx respeet it resembles some forms of Leperditia,
For the present it is veferved to Bradoria on account of its close
resemblance to Bradoriu sterope.

Foruwation and locality.—The specimens were collected from a
fragment of compact. bluish-gray. thin-bedded iimestone. containing
fragments of a trilobite that suggests Dorypyge.  On this account the
horizon is referved to the Middle Cambrian.

Collected from shingle on a gravel bar in the Lan Ho, 1 mile south
of Chén Ping Hsien, southeastern Shensi. China.

Collected by Bailey Willis and Eliot Blackwelder. of the Carnegie
Institution of Washington Expedition to China.

BRADORIA STEROPE, new species.

Outline of shell obliquely semicivenlar.  Hinge line straight. nearly
as long ax the width of the valve.  Anterior cardinal angle about S0 -
anterior curve obsolete: trom the anterior cardinal angle the margin
slopes downward and slightly inward, curving gently into the broadly
rounded lower margin: posterior eardinal angle slightly obtuse: pos-
terior margin curves gently from the angle to the hroad curve of the
Jower side of the valve. which gives a broadly rounded posterior end.
The valve is rather strongly convex. rixing to the greatest height near
the center.  The surface ix marked hy a very narrow rine: from the
anterior cardinal angle a narrow ridge extends obliguely inward about
one-half the distance toward the center, and terminates in a slight
tubercle: on the anterior side there are three shallow depressions, as
though the surface had heen indented: on the posterior side there ix
one larger depression directly hack of the tubercle at the end of the
ridee, and a slight depression in the angle formed by the ocular ridge.
the hinge line, and the ridge between the two depressions.

Surface with minute scattered punctee, as seen under a strong lens.

The valve has a width of 1.125 mm.: length. 0.5 mm.: depth, about
0.25 mm.

In outline this species resembles Bradoria pragilisy it differs in its
stronger shell and distinetly marked ridge and ocular tubercle,

a Trans. N. Y. Acad. Sci., XV, 1896, p. 198,
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Foruation aud local/ty.—Middle Cambrian: compaet, bluish-gray,
thin-bedded limestone: shingle on gravel bar in the Lan Ho, 1 mile
south of (hén Pine Hsien, southeastern Shensi, China.

Collected by Bailey Willis and Eliot Blackwelder. of the Carnegie
Institution of Washington Expedition to China.

BRADORIA WOODI, new species.

Ouatline of =hell obliquely semicircular. Iinge line straicht. a
little shovter than the greatest width of the shell.  Anterior cardinal
angle about T0-: posterior cardinal angle obtuse.  Posterior margin
has & gentle curvature from the angle, which gives it a broadly
rounded outline down to where it merges into the broadly rounded
lower side: anterior margin almost straight and then gently curving
into the lower margin.  Surface rather convex, with the highest
portion at the ridge around the central depression.  The outer rim
ix very narrow and slightly rounded. From the anterior cardinal
angle a narrow, sharp ridge extends obliquely inward and forward to
a little below the center and arches around a rather large. depressed
central space, terminating a short distance hefore completing a circuit
of the space: between the ridee described and the hinge line are two
spaces outlined by the main ridge: of these the one nearest the ante-
rior cardinal angle is somewhat depressed and outlined by w shallow
furrow extending at right angles to the hinge line from the ridge to
the hinge line. At a point about two-thirds the distance of the length
of the hinge line a short and very shight ridge extends toward the hinge
line from the main ridge; between this and the slight furrow there is
a slightly convex arca.  T'wo minute tubereles occur on the long cen-
tral ridge, one at the point where it hegins the loop to inclose the
depressed central space, and the other on the opposite side of the
depressed space.

Surface minutely punctate under a strong lens.

Entire width of valve 2 mm.: length 1.25 mm.:; depth about 0.5 mn.

This species is distinguished trom Zradoria sterope by its wider
valve and the presence of the eentral ridge and depressed space.

The specitic name is given in recognition of the most excellent and
thorough preparvatory work that was done by Miss Elvira Wood in
the preliminary study of the Cambrian fossils from China and her
work upon the Devonian crinoids.

Formation and locality.-—Middle Cambrian; compact, bluish-gray,
thin-bedded limestone: from shingle on eravel har in the Lan Ho. 1
mile southeast of Chén Ping Hsien. southeastern Shensi, China.

Collected by Bailey Willis and Eliot Blackwelder, of the Carnegie
Institution of Washington Expedition to China.
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